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The Monrsaty Wearuer Review is based on data from about 
3500 land stations and many ocean reports from vessels taking 
the international simultaneous observation at Greenwich noon. 

Special acknowledgment is made of the data furnished by the 
kindness of cooperative observers, and by R. F. Stupart, Esq., 
Director of the Meteorological Service oi the Dominion of 
Canada; Sefior Manuel E. Pastrana, Director of the Central 
Meteorological and Magnetic Observatory of Mexico; Camilo 
A. Gonzales, Director-General of Mexican Telegraphs; Capt. 
I. S. Kimball, General Superintendent of the United States 
Life-Saving Service; Commandant Francisco S. Chaves, Direc- 
tor of the Meteorological Service of the Azores, Ponta Delgada, 
St. Michaels, Azores; W. N. Shaw, Esq., Director Meteoro- 
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logical Office, London; Maxwell Hall, Esq., Government Mete- 
orologist, Kingston, Jamaica; Rev. L. Gangoiti, Director of the 
Meteorological Observatory of Belen College, Havana, Cuba. 

As far as practicable the time of the seventy-fifth meridian 
is used in the text of the Monruty Weatuer Review. 

Barometric pressures, both at land stations and on ocean 
vessels, whether station pressures or sea-level pressures, are 
reduced, or assumed to be reduced, to standard gravity, as 
well as corrected for all instrumental peculiarities, so that they 
express pressure in the standard international system of meas- 
ures, namely, by the height of an equivalent column of mer- 
cury at 32° Fahrenheit, under the standard force, i. e., apparent 
gravity at sea level and latitude 45°. 


FORECASTS AND WARNINGS. 


By Prof. E. B. Garriott, in charge of Forecast Division. 


IN GENERAL. 

In November the great permanent winter area of high baro- 
metric pressure begins to build up over the interior of Asia. 
Barometric pressure also increases over the interior portions 
of Europe and North America. Over Bering and Greenland 
seas permanent winter areas of low pressure begin to form. 
In the tropical regions of the North Atlantic Ocean the weather 
is usually fine. In the Pacific Ocean area the typhoon season 
is nearing its end. 

In the United States the Pacific coast wet season has fully 
set in. On the northeastern slope of the Rocky Mountains 
and in Arizona and New Mexico November is one of the driest 
months of the year. Killing frost is likely to occur in the 
Gulf and South Atlantic States, and light to heavy frost in 
northern portions of the Florida Peninsula. 

In November, 1907, the Asiatic high barometer area began 
to build up rapidly during the second decade, and early in the 
third decade readings above 31.00 inches were reported in that 
region. During this period barometric pressure gradually 
diminished in the Iceland area to a reported minimum of 
28.48 inches on the 22d. Pressure was generally low during 
this period over Bering Sea, and high over the Azores and 
Hawaiian Islands. This general distribution of pressure was 
attended by unsettled and unseasonably warm weather over 
the middle and northern latitudes of the North American Con- 
tinent and western and northwestern Europe. 

In the United States the first decade of the month was stormy. 
From the Ist to 3d a storm advanced with increasing intensity 
from the north Pacific to the north Atlantic coasts, attended 
by heavy rain generally over the eastern half of the country, 
and by gales on the Great Lakes and the Atlantic coast. Fol- 
lowing this disturbance pressure continued low in the north 
and northwest, and on the 6th a barometric depression covered 
the country east of the Mississippi River, with a storm of 
marked strength central over Virginia. This storm deepened 
during the 6th and by the evening of that date had advanced 
to southern New England, where a barometric minimum of 
28.90 inches was reported at Hartford, Conn. From the Ist 
to 4th severe storms were experienced over southwestern 
Europe. 

The first half of the second decade of November was, on the 
whole, fair and cool in the United States. During this period 
a cool wave swept from the northeastern slope of the Rocky 
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Mountains eastward and southeastward, carrying the line of 
zero temperature into northern Nebraska, and the line of freez- 
ing temperature to the interior of the Gulf and South Atlan- 
tic States. Light frost was reported in the interior of north- 
ern Florida. During the last half of the month a succession 
of barometric depressions advanced northeastward from the 
Gulf of Mexico, attended by frequent and at times heavy rain 
in the Gulf and Atlantic States, by snow in the Northeastern 
States, and by gales of greater or less severity along the At- 
lantic coast and over the Great Lakes. 

The month closed with rapidly rising pressure over the 
British Isles-Iceland area and falling pressure over the interior 
of Asia and east-central Europe. In the United States the so- 
called permanent winter high area had formed over the Plateau 
region, and seasonably cool and generally fair weather had 
set in over interior-western districts. 

BOSTON FORECAST DISTRICT. * 
[New England. | 

The weather of the month was generally characteristic of 
the season, with the precipitation above the normal over a 
large portion of the district, and temperature near the normal 
or above. Snow fell in parts of all the New England States, 
with the monthly amounts ranging from a trace to 14 inches, 
the latter amount being at Jacksonville, Vt. Severe gales pre- 
vailed along the coast on the 6th and the 24-25th. On the 
6th the high winds did minor marine and local damage, and 
delayed more or less shipping of all classes. During the 
storm of the 24—25th shipping was completely tied up thruout 
the coast. Vessels in Boston Harbor dragged anchor and 
there were several narrow escapes from collisions. The tides 
were the highest in many years, and hundreds of cellars along 
the water front and in lowlands were flooded, and much dam- 
age resulted. Seaside cottages and other property suffered 
more or less damage from the gales and the high water. The 
Canadian schooner Cora B was driven ashore near Gloucester; 
damage, $20,000; crew saved. The schooner Eastern Light 
went ashore at High Cliff and was badly damaged; crew 
saved. The schooner Lucy E was wrecked near Duxbury; 
crew saved by the Gurnet Life Saving Station. According to 
newspaper accounts there was more or less damage to ship- 
ping along the entire New England coast. 

Storm warnings were issued on the 2d, 6th, 20th, 21st, and 
24th. There were no storms without warnings. The timely 
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warnings of the 6th and the 24th doubtless resulted in the 
saving of much property and many lives.—./. W. Smith, Dis- 
trict Forecaster. 
NEW ORLEANS FORECAST DISTRIOT.* 
{[ Louisiana, Texas, Oklahoma, and Arkansas. } 

The rainfall was excessive and the temperature deficient. 
A severe cold wave, the first of the season, past over the dis- 
trict from the 10th to the 14th, when freezing temperatures 
occurred almost to the coast line. Timely warnings for frost 
and freezing temperatures were issued for the northern por- 
tion of the district on the 9th and for other portions on the 
10th, 11th, 12th, and 13th. The warnings, which were widely 
distributed, enabled the protection of vegetation and the 
windrowing of sugar cane in exposed localities. Cold waves 
occurred in some sections without warnings, but the warnings 
for freezing temperature served all public interests in these 
localities. Frost warnings, which were partially verified, were 
issued for limited areas on four other dates. No general frost 
or freeze occurred without warnings. Storm warnings were 
issued on the 11th, 16th, and 19th, and brisk to high winds 
occurred during the display in each instance. No general 
storm occurred without warnings.—/. M. Cline, District Fore- 
caster. 

LOUISVILLE FORECAST DISTRICT.* 
[Kentucky and Tennessee. } 

During the month seasonable conditions largely prevailed 
for the district as a whole. In Kentucky the temperature and 
precipitation were both somewhat below normal, but in Ten- 
nessee these elements averaged nearly normal, except in the 
northeastern portion, where the rainfall was nearly double the 
average November amount. Clear skies largely predominated, 
being in decided contrast to last year. 

There were six marked disturbances during the month. 
Two of these, the ist-2d and the 30th, moved in from the 
northwest, while the other four—17-—18th, 19—20th, 22d—24th, 
and 28th—were from the southwest, or west Gulf section. 
The storm of the 19-20th, which moved from Texas up the 
Mississippi Valley to the Lakes, was the most severe, being 
attended by heavy rains and high winds. 

There were no cold waves, and no special warnings were 
issued, altho advice of decidedly colder weather was sent out 
the morning of the 10th.—F. J. Walz, District Forecaster. 

CHICAGO FORECAST DISTRICT.* 
Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri, 
North Dakota, South Dakota, Nebraska, Kansas, and Montana. } 

The month was characterized by a marked deficiency in 
precipitation and an unusual amount of sunshine over the 
entire district; the temperature was above the normal, except 
in the extreme eastern portions. 

No cold waves occurred during the month, and there was 
no considerable fall of snow, except on the 30th, when a fall of 
several inches occurred in the western Lake region. Special 
show warnings were.issued for southern lower Michigan and 
northern Illinois. 

The month was unusually free from severe windstorms on 
the Great Lakes. Warnings were issued on eight dates in 
advance of storms of moderate energy, and no casualties were 
reported.—H. J. Cox, Professor and District Forecaster. 

DENVER FORECAST DISTRIOT.* 
[Wyoming, Colorado, Utah, New Mexico, and Arizona. } 

The month was cool and generally dry. There were compara- 
tively few marked changes in temperature. Rain or snow fell on 
but few days, and was generally below the normal amount. 

No special warnings were issued. Moderate cold waves, 
without warnings, occurred as follows: Northeastern Colorado, 
on the 10th; central Wyoming, on the 19th; and northwestern 
Wyoming, on the 27th. These cold waves were not marked 
by unusually low temperatures.—P. McDonough, Local Fore- 
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SAN FRANCISCO FORECAST DISTRICT. 
{California and Nevada. | 

This was the driest November recorded at this station during 
a period of fifty-nine years, excepting only November, 1890, 
which was without any rain over a large portion of the State. 
At San Francisco there were but three rainy days, the total 
amount being .04 inch. The normal amount at San Francisco 
in November, based upon a fifty-nine years record, is 2.64 
inches, so that the deficiency during the current month is 
very marked. The chief cause was the presence of a persistent 
high area over the Rocky Mountain section, the basin ranges, 
and the Pacific slope. This has caused northerly winds thruout 
California and a large portion of Nevada, with cool mornings 
and high afternoon temperatures. 

A number of frost warnings were issued during the month, 
but there were no injurious frosts, and no special warnings were 
necessary.—A. G@. McAdie, Professor and District Forecaster. 

PORTLAND, OREG., FORECAST DISTRIOT.t 
[Oregon, Washington, and Idaho. } 

The month was uniformly mild, and the rainfall was some- 
what less than normal. The center of a severe disturbance 
past over the northern boundary of the district on the Ist. 
This was followed by a long period without storms that lasted 
until the 19th, when disturbances again began crossing the 
North Pacific States, and continued with great frequency 
nearly up to the close of the month. Eight warnings for 
storms were issued, and with hardly an exception they were 
fully verified. The most severe storm occurred on the 25th, 
at which time maximum velocities of slightly over 70 miles an 
hour occurred at the coast stations, and the unusually high 
velocity of 51 miles was reported at Seattle, Wash. Notwith- 
standing the long period of stormy weather no noteworthy 
marine casualties occurred, and this of itself bespeaks the 
value of the warnings.—F£. A. Beals, District Forecaster. 

RIVERS AND FLOODS. 

The stages of the rivers of the Mississippi system did not 
depart greatly from their usual averages for the time of the 
year. There was a fair rise in the Ohio River about the middle 
of the month. It past into the Mississippi on the 20th and 
reached the Gulf of Mexico about December 3. 

The rains of the 6th and 7th caused a general rise in the 
rivers of southern New England and the Middle States, but 
not to within several feet of the flood stages, except in the 
lower Connecticut and Hudson rivers. Both of these rivers 
had been quite high as a result of frequent rains over the 
upper watersheds, so that the heavy rains of the 6th and 7th 
were certain to result in some high water. Warnings for the 
lower Connecticut were issued on the 7th, and on the morn- 
ing of the 8th the stage of the river at Hartford was 19.7 feet, 
3.7 feet above the flood stage. The crest stage of 20.3 feet 
was reached on the morning of the 9th, after which the decline 
set in. The damage and losses were trifling, as the water had 
not had an opportunity to recede greatly from the high stage 
of October 31. 

Warnings were issued on the 7th for flood stages in the 
Hudson River in the vicinity of Albany. The flood stage of 
12 feet at Albany was past during the night of the 7th, and 
by the morning of the 9th the water stood at 13.9 feet, 1.9 
feet above the flood stage, and practically the exact stage that 
had been forecast. At-Troy, N. Y., the crest stage was 18 feet, 
4 feet above the flood stage. 

Advisory warnings were issued on the 22d and 23d for a 
moderate rise in the Alabama River, and on the 23d for a simi- 
lar condition in the Oconee and Ocmulgee rivers of Georgia. 
Warnings were also issued at the proper time for the flood 
that occurred in the Wateree River of South Carolina on the 
24th and 25th, and for the flood stage in the lower Roanoke 
River on the 26th. 
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The heavy rains that fell over eastern Texas from the 15th 
to the 20th, inclusive, were followed by moderate floods in 
the rivers of that district, except in the Neches, and the upper 
portions of the Brazos and Colorado rivers. Flood stages 
were exceeded, but not to any decided extent, except in the 
valley of the Guadalupe and lower Colorado rivers, where the 
rains had been heavier, resulting in stages from 7 to 10 feet 
above the flood stages. Warnings were issued regularly from 
the 18th until the 20th, inclusive, and no reports of damage 
or loss have been received. The rivers of the Pacific States 


were quiet. 
The highest and lowest water, mean stage, and monthly 
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range at 197 river stations are given in Table VI. Hydro- 
graphs for typical points on seven principal rivers are shown 
on Chart I. The stations selected for charting are Keokuk, 
St. Louis, Memphis, Vicksburg, and New Orleans, on the Mis- 
sissippi; Cincinnati and Cairo, on the Ohio; Nashville, on the 
Cumberland; Johnsonville, on the Tennessee; Kansas City, on 
the Missouri; Little Rock, on the Arkansas; and Shreveport, 
on the Red.—H. C. Frankenfield, Professor of Meteorology. 

* Morning forecasts made at district center; night forecasts made at 
Washington, D. C. 

+ Morning and night forecasts made at district center. 


SPECIAL ARTICLES, NOTES, AND EXTRACTS. 


PHENOMENA CONNECTED WITH THE SAN FRANCISCO 
EARTHQUAKE. 


Ry Dr. C. M. Rrewrer and Prof. ALEXANDER G. McApie. Dated San Francisco, Cal., 
December 28, 1907. 

A number of phenomena have been reported in different 
publications (Science, Nature, Gaea, and others), as observed 
during and after the earthquake of April 18, 1906, which it 
seems to us need more accurate description and a statement 
of the facts as we know them, who were present at the time 
and made notes of them. 

First, we may call attention to earthquake sounds. Such 
sounds were reported by many people after the earthquake. 
Many claim to have heard a sound comparable to an approach- 
ing windstorm or the roll of a heavy wagon; but in our judg- 
ment most of these sounds can be explained by the noise due 
to violent shaking of dwellings. There are, however, some 
reports of a sound like that of a violent wind preceding the 
first shake. We have no record of any detonation coming 
from the ground. 

With regard to light and fire phenomena a number of state- 
ments have been made, many of which have been shown to be 
erroneous by “ D.S. J.” in Science.' Some of the most elaborate 
and detailed statements of such phenomena were given by 
those who were not in San Francisco during the earthquake. 

We have no proof whatever that any particular optical or 
electrical phenomenon occurred preceding, during, or following 
the earthquake. The atmospheric conditions preceding and 
at the time of the earthquake are described in the report of 
the California section of the Climatological Service of the 
Weather Bureau for April, 1906. This report states: 

The morning of Wednesday, April 18, was clear and pleasant over the 
greater portion of the Pacific coast. An area of high pressure was mov- 
ing steadily and somewhat slowly eastward over Idaho. The weather 
map gives the conditions existing a few minutes previous to the great 
earthquake, and it may be noted that the pressure distribution is of a 
type that has been found to prevail when certain earthquakes occur in 
California. A study of the relation of atmospheric pressure and earth 
movement had been under way in the office of the Weather Bureau at 
San Francisco for some years, and while no very definite conclusions 
had been arrived at it was plain that the greater number of earthquakes 
in California occurred apparently without any relation to pressure dis- 
tribution. It was noticed, however, that some earthquakes occurred 
during the passage of a marked high across the northern portion of the 
coast. While any relation of this character must be obscure and indefi- 
nite, it is conceivable that in a region where quakes and tremors of tec- 
tonic origin are frequent—i. e., a region where strata are in unstable 
equilibrium—the passage of an area of high pressure may directly or 
indirectly affect the stresses at critical times. The relation is involved 
and is alluded to here only because at Manila and Tokyo microseismic 
phenomena bear some relation to approaching typhoons. The thought 
suggests itself that the installation of seismographs on the Pacific coast 
may lead to the detection of advancing pressure areas. 


A. Sieberg* asserts that “die Erdbeben die Ortliche wit- 
terung nicht beeinflussen”, and later*’ “Die Luftdruck- 
schwankungen vermogen den Eintritt von Dislokationsbeben 
zu fordern”. His material would rather favor a falling ba- 


1 Issue of August 10, 1906. 
? Handbuch der Erdbebenkunde, 1904, p. 124. 


Ibid., p. 126. 


rometer as a causative factor. At the time of the San Francisco 
earthquake there was a well-defined high over practically the 
entire area of the United States. Similar barometric condi- 
tions had occurred at the beginning of April and at other times. 
The high of April 18 had no unusual characteristics. 

Much has been said by various reporters about the high 
winds and marked indrafts of air due to the fire. It has been 
said that the strong winds caused by the fire were felt miles 
at sea. Concerning this, the best comment that can be made 
is that the instruments of the Weather Bureau were in place 
thruout the entire day of April 18. The Weather Bureau 
records are continuous up to 5 p. m. of the 18th, or, in other 
words, for a period extending thru the earthquake and twelve 
hours after the earthquake. These records are available, and 
show that there were no unusual features connected with air 
motion. The wind had been westerly on April 17, with a 
velocity of 14 miles an hour, the sky clear and the weather 
pleasant. A few minutes preceding the earthquake the wind 
was from the west, velocity 3 miles per hour, weather clear. 
At 5 p. m. of the 18th the pressure, reduced to sea level, was 
30.15 inches; the temperature of the dry-bulb thermometer, 
61.8° F., of the wet-bulb thermometer, 54.0°; and the direction 
of the wind, west, the velocity, 22 miles an hour. In brief, 
then, there was nothing remarkable in a meteorological way 
during the twenty-four hours under consideration. It was a 
pleasant spring day. 

Some reports have been published concerning unusual 
clouds formed early during the fire and described as caused 
by the fire. One of the writers of this article photographed 
the smoke cloud as early as 8 a. m., that is to say, less than 
three hours after the beginning of the fire. These clouds 
were also carefully observed by observers of the Weather 
Bureau. They were, so far as we could determine, purely smoke 
masses, and the general elevation of the top of these clouds 
was probably not above 500 feet. Certain peculiarities have 
been reported concerning these clouds.‘ Except for their 
size and density, we who closely observed these appearances 
at the beginning and during the whole period of the fire 
remember seeing nothing that can not be explained as smoke 
effects, such as a large fire would cause. While the appear- 
ance of the smoke at different hours was interesting, there 
was no unusual or phenomenal cloud development. So far as 
we could determine, there was no marked indraft of air caused 
by the intense heat. The lower airmovement agreed with the 
usual movement due to the passage of anarea of high pressure, 
the light north and northeast winds giving way to moderately 
strong west winds. It was apparently this change that pre- 
vented the complete destruction of San Francisco by fire. 

There was no tidal wave or unusual disturbance in the Bay 
of San Francisco. As a matter of fact, the waters of San 
Francisco Bay were unusually calm on April 18, before, during 
and after the earthquake. In this connection it might not be 


~ 4See Science, November 14, 1906; Nature, vol. 74, 1906, p. 133; also 
Science, April 5, 1907, p. 554. 
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out of place to note that Prof. George Davidson has corrected 
a statement published in the description of the earthquake at 
San Francisco on February 18, 1856, where one writer states 
that “the water in the Bay of San Francisco rose, maintained 
its level for five minutes, and then sank 2 feet below its ordi- 
nary stage”. Professor Davidson obtained a tracing of the 
- mareograph from the Coast Survey, and this shows that the 
trace of the water level was remarkably smooth on the date 
in question. 

Presentiments of the earthquake have been reported by 
reliable witnesses. Many people have stated that they past 
a restless night preceding the earthquake and were awake 
some hours before the earthquake occurred. Reports were 
also made of unusual manifestations made by animals. Our 
explanation of such conditions is that sleeplessness or unusual 
manifestations of the nervous system are not infrequent in 
California during the passage of a well-marked area of high 
pressure accompanied by low relative humidity and northerly 
winds. 

Incidentally we may mention that the Weather Bureau 
records were faithfully and regularly made on April 18, the 
day of the earthquake. The great shock was at 5:13 a. m., 
and the Weather Bureau records are complete up to 5 p. m. 
of that day. The building caught fire on the evening of 
April 18. We lost three observations during the three days’ 
fire, namely, a. m. of the 19th, p. m. of the 19th, and a. m. of 
the 20th. Our records begin again about noon of the 20th, 
while the fire was still raging. 


THE CHRISTMAS SNOWSTORM OF 1906. 


By Hven Rowgrt Director of Organization, 62 Camden Square, 
Andon, 


[Reprinted from British Rainfall, 1906.) 


By Christmas eve 3,521 circulars containing forms for re- 
cording the rainfall of 1907 had been prepared for posting, 
tied up in bundles of 60 each, and left ready at 62 Camden 
Square, to be sent to the post-office on the appointed day. 
The assistants had left for their short and well-earned holiday, 
and there seemed to be a week of comparative leisure before 
us. On the morning of Boxing Day (1906) the whole neigh- 
borhood of London was found covered with 4 or 5 inches of 
snow, which had come down in the night, and at Mill Hill the 
circumstances were so interesting that we resolved to make a 
special and detailed investigation into the storm, if so soft and 
silent an envelopment could be called by such a name. The 
night of the 25th had been fine and star-lit, with white clouds 
appearing about 10 p. m. in the southwest, and at 11 p. m. no 
snow or rain was falling. Next morning, at 7 o'clock, the sky 
was blue and clear, the wind blowing cold as a light breeze 
from the northeast, and grass and trees were covered alike 
with a snowy fleece. There had evidently been a fierce wind 
in the night, for the snow was drifted deeply against walls 
and hedges, and plastered thickly on the southwestern sides 
of trees and walls; the northeastern sides were entirely clear, 
showing that there had been a shift of the wind to a diametri- 
cally opposite quarter since the drifting ceased. 

Next morning the newspaper reports showed that the snow- 
fall had been very widespread, and we sent the accompanying 
form ' to the printer, in order to give all rainfall observers an 
opportunity of recording their experiences. By the evening 
the first batch of copies was received. It took the evening of 
the 27th and nearly all day on the 28th to get the 3,000 un- 
gummed envelopes loosened from their bundles, opened, the 
slips inserted, and the envelope flaps tucked in and made up 
again in bundles of 60. The 521 packets in closed envelopes 
for those observers who report monthly could not be dealt 
with in this way, so snow circulars for that number had to be 
separately addressed; but at length they were completed and 


1Omitted in this reprint.—Eprror. 
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dispatched just before the closing time of the post-office on 
the 28th. 

The number of slips which returned to us with information 
was 1,862, and we must regretfully acknowledge that we have 
not been able to do more than touch upon some salient lines of 
the information they contained. All are preserved, and we 
hope they can be further utilized. The storm was not the 
isolated phenomenon which the first newspaper reports had 
led us to expect. It was followed for several days by snowy 
conditions, and it was soon apparent that during the last week 
of the year there were two separate snowstorms, one on the 
25th and 26th, which affected the west of Scotland and the 
whole of England, except the northeast, gently and with little 
inconvenience; and another on the 27th and 28th, which was 
very severe indeed in the east of Scotland, in Ireland, and the 
southwest of England. In parts of Yorkshire and the border 
counties both storms appeared, and in some of these places it 
is difficult to distinguish between them. The second storm 
was accompanied by strong electrical disturbances and a severe 
gale, so that the light, powdery snow was driven into enor- 
mous drifts, causing much distress to farm and village dwellers 
in Aberdeenshire and adjacent counties. Aberdeen itself was 
cut off for several days from telegraphic and railway commu- 
nication with the rest of the country. A terrible railway acci- 
dent occurred in the thick of the storm at Elliott Junction, 
near Arbroath, causing loss of life, and the storm was in every 
way one of the severest on record. 

After a cursory examination of the returns, and the elimi- 
nation of those the statements on which were too vague to be 
useful, we decided to deal only with the first storm, and to 
limit our work to a consideration of the depth of snow over 
the country and the hour at which the snowfall commenced. 
This storm was by no means the severest, and perhaps not the 
most widespread, in recent years; but the great quantity of 
data obtained from skilled observers makes it possible to deal 
with it more exactly than has ever been practicable before. 

We have made many maps of heavy falls of rain, but it isa 
very difficult thing to map a light fall, on account of the un- 
certainty as to the date of entry by observers who do not con- 
sistently follow the rule. In the case of a heavy fall, the indi- 
viduality of the day is so well marked that those who enter 
to “ wrong day ” are immediately detected. A fall of snow is 
much more conspicuous than a shower of rain, and estimates 
of the depth of snow, though individually less accurate than 
measurements of the fall of rain, may collectively give a good 
general account of what is equivalent to a light shower; hence 
one part of the value of studying snowfall. 

Care was taken first to eliminate those returns which lumped 
together the snowfall of several days, and all the figures which 
belonged to the period 25-26th were plotted on a map on the 
scale of about 20 miles to an inch. The error in measuring 
snow may lead to over or under estimates, for drifting in- 
creases the depth in some places and diminishes it in others; 
hence it is to be expected that large figures will sometimes be 
found amongst a group of small values, and that a few small 
figures will be found in the midst of an overwhelming crowd 
of larger. But when, as in this case, the figures are very 
numerous it is easy to see and to ignore the minority of dis- 
sentient values, be they too high or too low, and we found it 
possible by following the majority to prepare a very serviceable 
map of the depth of snow on the day in question. This map we 
reproduce on a reduced scale (fig. 1). It shows in solid black 
those parts of the country where no snow fell; but there was 
precipitation on that day in the form of rain over the western 
areas at least, where the temperature did not admit of the for- 
mation of snow. The area of the snowfall is seen to be a zone 
(150 miles broad in the north and widening to 200 miles in 
the south) stretching from northwest to southeast from the 
north of Ireland and west of Scotland to the English Channel 
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and North Sea. The zone is parallel to the track of a second- 
ary depression which crossed the British Isles on the 25th 
and 26th from the North Channel between Ireland and Scot- 
land to the mouth of the Thames, the center being at the 
former point at 6 p. m. of the 25th, and at the latter at 8 a. m. 
of the 26th. The snowfall was heaviest on the left of the 
track, and although the distribution shows some irregularities 
which may be due in part to the uncertainty of the estimates 
of depth, it is plain that the heaviest fall occurred in a central 
belt (left white on the map) running from Manchester and 
Leeds to Lincoln and Ipswich. Here for a length of 200 miles 
and a mean breadth of 40 miles the depth of the snow every- 
where exceeded 8 inches, while over nearly the whole of Nor- 
folk and Suffolk the depth exceeded 10 inches, and in the center 
of these counties, over nearly 1,000 square miles, the snow lay 
to the depth of a foot. It appears to be possible that the 
snow of the storm which brought such heavy falls to the east 
coast on the 27-28th may have begun in Norfolk before the 
snow of the 25-26th stopped, and that this may account for 
the great depth recorded there. From the axis of maximum 
snowfall the depth fell off very quickly to the northeast, and 
extremely gradually to the southwest. It is interesting to 
note that the area of snowfall under 2 inches is greatest in the 
valleys of the lower Severn and Warwickshire Avon. 


DEPTH OF SNOW 
DEC.25™26™906 


Fic. 1.—Map of British Isles, showing depth of snowfall of the Christ- 
mas snowstorm, 1906. Black areas indicate no snow (but possibly 
rain); shaded and white areas indicate snowfall, the darkest shading 
signifying the least depth. 


In order to assist us in correcting the ordinary rainfall re- 
turns for snow which was improperly excluded, we prepared a 
rough map of the total depth of snow for the last week of the 
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year. This map showed three distinct centers of maximum 
snowfall in the northeast of Scotland, in East Anglia and in the 
north of Ireland. It showed an absence of snow around the 
Bristol Channel, and a curiously isolated area in the center of 
the Lowland Plain of Scotland between the firths of Forth and 
Clyde, where there was extremely little. That area, in fact, 
escaped the two great storms, while all round it the country 
had been visited by one or both. 
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Fic. 2.— Map of isochronic lines, showing time of beginning of snowfali, 
December 25-26, 1906. Black areas indicate no snow. 

Maps of exceptional snowfalls have been made before, and a 
good example will be found in Symons’s Meteorological Maga- 
zine for February, 1881 (Vol. 16, frontispiece); but, so far as 
we are aware, the rate of. movement across the country of the 
beginning of a snowstorm has not been previously mapped 
with anything like the detail which has been found possible in 
the present case. The movement of a line-squall across the 
country has been traced on several occasions from a compara- 
tively small number of observations, the correctness of which 
was guaranteed in most cases by barograph traces; but here we 
have had a very large number of observations widely scattered 
over the whole country. The time of the commencement of the 
storm was noticed the more carefully because it happened to be 
on Christmas day or Christmas night, but the exact moment at 
which the snow commenced could not be given in most cases. 
A number of observers in those parts of the country where the 
storm began at night were able to say positively that no snow 
fell before a certain hour, and a large number had taken the 
trouble to inquire from policemen, night-watchmen, and others 
whose duties afford opportunities of noting the commence- 
ment of the snow. When all the figures we received had been 
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charted the hour of commencement was found to be very dis- 
tinctly later as one proceeded from west to east, and, although 
the figures were often contradictory, it was possible to draw 
lines that represent what may be called the prevailing hour of 
commencement. These lines are drawn in a somewhat gen- 
eralized form, and it is possible that there should be more 
anomalous hours of commencement than those which are shown 
in the two small areas, one in Monmouthshire, the other west 
of Cambridge; but these were the only places where the weight 
of evidence seemed to us to demand exceptional treatment. 

(See fig. 2.) 

Speaking generally, the isochronic lines ran from north to 
south, with a slight tendency to diverge southward; but it 
may be that they would be better viewed as concentric curves, 
perhaps portions of circles, the common center of which lay 
somewhere near the northwest of Ireland. The facts, as shown 
by the isochronic map, are that the snowstorm began in the 
north of Ireland shortly before noon of Christmas Day, or 
about six hours before the center of the depression arrived 
there, and that the storm began later and later toward the 
east and south, until it was after 2 a. m. on the 26th before it 
commenced at the mouth of the Thames, i. e., six hours before 
the center of the depression arrived there. 

It thus appears probable that snow began in the front of 
the approaching cyclone about six hours in advance of the 
passing of the trough, and it appears likely that the snowfall 
lasted until immediately after the trough passed; but the hours 
given for the cessation of the snow are less precise than those 
for its commencement. At Camden Square the barograph 
showed that the trough passed about 6 a. m., after which the 
barometer began to rise, and the snow ceased about the same 
time. 

The map shows that at noon on Christmas Day snow was 
beginning on the northeast of Ireland; at 2 p. m. it was snow- 
ing along a line from Islay and Kintyre to Larne; at 4 p. m. 
the snow reached Mull, Galloway, and almost the Isle of Man; 
at 6 p. m. it almost reached Skye, Glasgow, Dumfries and the 
coast of Lancashire; at 8 p. m. it was snowing from Skye to 
Manchester and thence to Cardiff and Bridgwater; at 10 p. m. 
the line of the commencing storm ran from the Tyne through 
Leeds, Sheffield, Derby and Birmingham, to near Bournemouth; 
by midnight it stretched from Goole to Brighton, and, sweep- 
ing over London, by 2 a. m. on the 26th, it ran from Hull 
through Lincoln and Cambridge to Dover. An hour later the 
storm had passed out into the North Sea, and the whole coun- 
try was painted white from the Isle of Skye to the Isle of 
Thanet. 

The rate of advance of the front of the storm measured by 
the commencement of precipitation was least rapid in the north, 
where it was 124 miles an hour, and most rapid in the south, 
where it was about 19 miles an hour, but the rate varied a little 
from point to point. The interesting fact is, however, that a 
motor car could have kept out of the storm by traveling, with- 
out exceeding the legal speed limit, in the direction of its 
progress. At 8 o'clock on Christmas night snow was begin- 
ning to fall simultaneously along a line of 500 miles, this being 
the longest snow-yielding portion of the storm front at any 
time. 

WELL-MAREKED FOEHN EFFECTS WITH GREAT DIUR- 
NAL RANGES OF TEMPERATURE IN SOUTHERN CAL- 
IFORNIA. 

By Prof. A. G. McApre. Dated San Francisco, Cal., December 2, 1907. 

Some unusual ranges of temperature were recorded in Cali- 
fornia at the close of November, 1907. A well-marked foehn 
effect .was noticeable in southern California November 29 and 
30, and December 1. Maximum temperatures of 86° occurred 
at Los Angeles and at San Diego on the afternoon of Novem- 
ber 29. On the 30th, maximum temperatures of 84° occurred 
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at Los Angeles and at San Luis Obispo, and 80° at San Diego. 
On December 1 maximum temperatures ranged from 80° to 
85° thruout most of California. 

The morning temperatures thruout this section were gen- 
erally low, and at many places frost was reported in the 
morning. For example, at San Luis Obispo frost occurred 
on the morning of December 1, with a minimum temperature 
of 38°, which was also the temperature at the time of the 
observation—4:45 a.m. The temperature at the time of the 
regular observation preceding the frost was as high as 86°, 
and on the afternoon following as high as 84°. We there- 
fore have a range of about 50°; or, allowing 32° for the frost 
temperature, a cooling of 54° between 3 p. m. and 5 a. m., or 
about 14 hours. In my experience as forecaster on this coast 
I do not recall such a temperature amplitude. The frost de- 
posit was probably not heavy; but we must assume that the 
temperature would have been still lower but for the latent 
heat of condensation of vapor to water and water to ice. 

The illustration is valuable, we think, in connection with 
the theory of the nocturnal cooling of the ground and atmos- 
phere.’ The observation may be of value in connection with 
the determination of the coefficient of radiation of air. It may 
be assumed that the air was clean, free from dust and water 
vapor; altho a puzzling condition is that San Luis Obispo is 
only about 10 miles from the coast. The elevation of the 
thermometer is about 47 feet above the ground, and the ele- 
vation above sea level is about 200 feet. It would seem that 
under the conditions given, the heat waves—long wave 
lengths—past thru the air within 40 feet of the ground, with 
comparatively little absorption. The fall in temperature 
would seem to be a pure radiation effect and the illustration 
shows how very important radiation is in frost formation. 
THE CENTRAL PENNSYLVANIA METEOR OF 


OCTOBER 1, 1907. 
By Prof. Hexyry A. Peek. Dated Syracuse University, Syracuse, N. Y., December 13, 1907. 


The evening of October 1, 1907, Mr. Clayton B. Chappell 
and Mr. T. H. Parkhurst, seniors in the Syracuse University, 
reported that they had seen a remarkable meteor about 6:30 
p.m. A few days afterwards some newspaper clippings ar- 
rived, showing that it had been observed over a range of ter- 
ritory that extended from Toronto to New York City. Mean- 
while there had appeared in New Jersey and Pennsylvania 
another meteor of the largest size, which had attracted uni- 
versal attention over a wide area. The Central Office of the 
Weather Bureau made a very thoro postal-card canvass of this 
region, the report of which will appear in a later number of 
the Monrauty Wearner Review. Among the answers were 
many that evidently referred to the earlier meteor, and it is 
largely with these as a basis that the following has been writ- 
ten. 

Aside from the regular staff of observers of the Weather 
Bureau, the following have kindly furnished information: 


New York. 


O. H. Hauber, Ithaca. 

Kenneth Baker, Jamestown. 

W. H. Knapp, Jamestown. 
Charles A. Hoag, Lockport. 
Mrs. Eugene Buttrick, Lockport. 
M. D. Clinton, Newark Valley. 


Charles P. Arnold, Angelica. 

P. J. Flanagan, Brooklyn. 

Felix C. Moore, Buffalo. 

Mrs. Wallace W. Jacques, Chazy. 
C. E. Robinson, Clay. 

Mrs. G. O. Barnes, Cortland. 
Harold Henry, Dannemora. William P. Ray, Olean. 

F. J. Hill, Dryden. Mrs. A. W. Ferrin, Preble. 
Frank Fayent, Fort Plain. 8. C. Williams, Rochester. 
Mrs. Nellie Sherman, Greenwood. C. B. Chappell, Syracuse. 
E. L. W. Smithers, Hammond. T. H. Parkhurst, Syracuse. 


New Jersey. 
Samuel K. Pearson, jr., Jersey City. 


1See S. Tetsu Tamura, Monthly Weather Review, April, 1905, vol. 
xxxiil, p. 138-140. 
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Pennsylvania. 


Welcome Richmond, Dixon City. Mrs. Malvin Edwards, Moscow. 

Ignatz Gutknecht, Dixon City. M. E. Hathaway, Scranton. 

Frank T. Swartz, Dunmore. Henry J. Hart, Scranton. 

M. L. Heisler, Harrisburg. Mary Parsons, Scranton. 

U. N. Steickler, Hummelstown.’ Howard J. Kline, Shamokin. 

Rev. J. M. Welch, Indiana. 

Virginia. 

E. T. Waddill, Roxbury. 

Contrary to general experience, the point of first appear- 
ance of this meteor seems to be better determined than any 
other point of its course. Accordingly this point was first 
located by the method of intersecting azimuth planes from 


the following observations: 


Position of station. 


Number. Place. Azimuth, 
Longitude. Latitude. 

Jersey City, N. “4 32 40 45 n. 65 w 
Orville, 7% 2 433° «21 s. 30 w 
76 «18 42 29 s. 30 w 
76 34 40 47 n. 
Lockport, N. 78 43 11 s. 50 
7 79 «10 40 40 n. 45 ¢ 


The point whose geographical coordinates are longitude 
76° 52’ west, latitude 41° 56’ north, almost exactly satisfies 
these azimuths, the residuals in the equations nowhere ex- 
ceeding the third place of decimals. A reference to a map 
shows this point to be south of Elmira, N. Y., just across the 
State boundary line and near Dunning, Pa. 

Not all the observers estimated the angular altitude above 
the horizon. The individual results for the elevation at which 
the meteor first became visible are: 


Orville ....... 71 miles. 
Buffalo .... . 98 miles. 


The Dryden estimate is so lacking in harmony with the re- 
mainder that it has been eliminated, and thruout the compu- 
tation it is assumed that the meteoric mass began to glow at 
a distance of 90 miles above the surface. 

The observations of the end point are singularly deficient 
in altitudes and consist almost wholly of azimuth estimates. 
Together with this deficiency there is also a lack of definite 
data upon which to found a solution by the Galle method. 
The method that has been followed to find the radiant point 
is one for which the author is responsible, and, if lacking in 
the quality of mathematical elegance, it is quite practical 
when applied to observations of this character. The various 
azimuths and directions in which the flight had been observed 
were plotted upon a map. The result showed that many of 
these estimates were contradictory and indicated great con- 
fusion on the part of the observers. However, there are five 
of the estimates that lead to a very marked intersection, and 
the hints received from newspaper clippings originating in 
the adjacent territory show that it can not be far from the 
true point. These observations are: 


Position of station. 


Station number. Place —— Azimuth. 
Longitude. Latitude. 

ted | 75 33 41 #17 s. 45 w. 
75 «59 40) «(59 s. 45 w. 
2 2 s 15 w. 
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From these we deduce that the end of visibility took place 
in the zenith of the point whose geographical coordinates are, 
longitude 77° 10’ west, latitude 40° 5’ north. 

Assuming the earth to be a sphere and the radius of the 
sphere to be the radius of curvature for the middle of the are, 
the distance between the points in whose zeniths the beginning 
and end took place is 132 miles, and the azimuth of the point 
of beginning as seen from the point of ending is N. 6° 46’ E. 

As stated before, the notices received are very deficient in 
statements of the altitude at which the meteor was last seen. 
This was probably due to the fact that to most of the observers 
it seemed to pass below the sensible horizon. A Buffalo ob- 
server thought it was extinguished at 20° altitude, but this is 
certainly an error. Observers at Toronto, Syracuse, and Ro- 
chester reported that it past below the sensible horizon. 
This would mean a probable altitude of not greater than five 
miles. There is another indication that it was comparatively 
close to the surface when extinguished. From various places 
in Pennsylvania near the end of the track it was reported as a 
detonating meteor. The great noise was heard at Halifax, Pa., 
about two minutes after the meteor past. This indicates a 
height of about 22 miles above the surface of the earth at the 
time of nearest approach to the observer. If the path of the 
meteor be drawn thru this point and the place of beginning 
of the flight, it will intersect the earth’s surface so near the 
place whose latitude and longitude are given above as to be 
within the radius of probable error. In the remaining com- 
putations it has been assumed that the altitude at time of ex- 
tinguishment was not more than five miles above the surface. 

At several stations far apart the remark was made that the 
appearance of the meteor suggested that of an ordinary paper 
fire balloon. From the comparisons made with the apparent 
size of the moon the mass must have had a diameter of about 
500 yards. When moreethan halfway in its course, at an 
altitude of not less than 30 miles, it separated into four or 
five bodies connected by a ribbon of light. These separate 
bodies continued to follow one another in the Same apparent 
path. This would seem to show that the mass was a somewhat 
diffused aggregation of particles that became disintegrated, 
and that the particles grouped themselves according to the 
resistance they experienced in passing thru the atmosphere. 

In order to find the elements in space it becomes necessary 
to find the length of the flight. Assuming that the elevation 
at the end of visibility was not more than 5 miles, the length 
of the path was 160 miles, and the altitude of the beginning 
as seen from the end was about 31°. Several observers give 
plausible estimates of the time of visible flight. These esti- 
mates average five seconds, and thus the velocity thru the 
atmosphere was 32 miles per second. The true radiant, free 
from the attraction of the earth and the effect of its motion 
in space, is, celestial longitude 345° 32’, celestial latitude 80° 8’. 

The meteor was traveling in a path that was almost perpen- 
dicular to that of the earth, the angle between the two direc- 
tions being 94°. The velocity in space before it began to feel 
the attraction of the earth was 27 miles per second. This is 
so near the parabolic limit that I have contented myself with 
finding a parabola that satisfies the observed direction and 
velocity, with the following result: 


Longitude of ascending node = 187.6° 
Inclination of plane of orbit = 86.3° 
Longitude of perihelion == 25.9° 


Logarithm of perihelion distance= 9.989 


ADDENDUM. 


Since the above computation was finished I have received a 
report of observations from Mrs. Levi Mullian, of Hartstown, 
in extreme western Pennsylvania, which confirms the position 
of the end point as above deduced, both in azimuth and alti- 
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tude, and which, therefore, if it had been used in the compu- 
tation would not have altered the result. 

I have also received a report of observations made by Mr. 
George F. von Ostermann and Mr. H. G. McKim, at Spalding, 
Prince George County, Md., which harmonizes with the orbit 
as given above. 


THE RELATION OF THE MOVEMENTS OF THE HIGH 


CLOUDS TO CYCLONES IN THE WEST INDIES. 
By Joun T. Quix. Dated St. Croix, Danish West Indies, October 30, 1907. 


The following is offered in continuation of the article by the 
present writer, which was published under the above title in 
the Monruty Wearuer Review for May, 1907." 

In that article it was shown that Father Vifies’s theory, 
that, at the cirrus cloud level, the current from the vortex ofa 
cyclone spreads out in “a completely divergent radial direc- 
tion”, holds good only at comparatively short distances (say 
between 100 and 200 miles); but that when the distance is 
greater the outflowing current, as shown by cirrus clouds, ap- 
pears to come toward the observer from a point more and more 
removed to the right as the distance increases. In other words, 
the vortex, when at a great distance, is situated not in the 
direction of the radiating point of the high clouds, but in a direc- 
tion to the left of that point, the amount of the divergence 
depending on the distance of the vortex from the observer. 

t seems advisable to make a few remarks as a sort of supple- 
ment to the above-mentioned article, by way of clearing up some 
points that were then left in a somewhat uncertain position. 

(1) In the description of the movements of the high clouds 
over St. Croix during the passage of the Cuban cyclone of 
October 17, 1906 (page 218), itis stated that, “On the 19th they 
were moving from the north; onthe 20th at 7 a. m. from north- 
northeast; on the same day at 5 p. m. again from north; and on 
the 21st from east-northeast ”’. 

The part of the above statement which is now put in italics 
is so put to call attention to the remarkable fact that the 
radiating point of the high clouds, after having continued its 
forward movement from north as far round as north-north- 
east, then fell back again to north. This was left without 
comment in the article, but was regarded by the writer as a 
very weak point in the evidence, since it seemed from this 
irregular motion that these high clouds were not under a fixt 
law, but were governed by a kind of waywardness in their 
movements. So far, however, from being a weak point, it 
turned out, as will presently appear, to be one of the strongest 
that could possibly present itself. This was discovered when 
the writer, desiring to find out whether this hurricane, on leav- 
ing Florida, went forward over the Atlantic, as the movements 
of the high clouds here seemed to indicate, or whether it went 
off to the northwest, as stated in a telegram received here, 
lookt up the Monraty Wearner Review for October, 1906, and 
found there (page 479), in regard to this great storm, the 
following: 

On the morning of the 17th, reports indicated the presence south of 
western Cuba of a well-defined cyclonic disturbance, and at 11 a. m. of 
that date storm warnings were ordered on the east Gulf, Florida, and 
south Atlantic coasts, and the following was telegraphed to Atlantic 
and Gulf ports, and to Havana, Cuba: “** * * Disturbance appar- 


ently approaching western Cuba from the Caribbean Sea. Unsafe for 
vessels next few days off western Cuba, Florida, and south Atlantic 
coasts.”’ 

The center of the storm past near and east of Havana at 11:30 
p. m. of the 17th, with minimum barometer at Havana, 28.86 inches, 
and by the morning of the 18th had reached a position near and to the 
eastward of Key West, where at 3 a. m. a minimum barometric 
reading of 29.30 inches was registered. Moving thence northeastward 
to a point about opposite the South Carolina coast, the center recurved 
to the westward, and was then forced southward over the Florida Peninsula 
by an area of high barometer that covered the north Atlantic coast 


districts. 
Vol. XXXV, p. 215-218. 
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The italics are the present writer's and are used to call at- 
tention to the striking fact that the cyclone center, after pro- 
ceeding toward the northeast, paused and went back to Florida. 
This is just what the high clouds said it did. Precisely at 
the time that their action lookt capricious they were closely 
following the law that appears to govern their movements. 
The cyclone advanced from Florida northeastward out into 
the Atlantic, and the radiating point of the high clouds at 
St. Croix answered by an advance from north to north-north- 
east; but now the cyclone, checked in its course, returns to 
Florida, and the radiating point of the high clouds at St. Croix 
thereupon falls back to the north. If we could fix the 
exact hours when the changes tock place, both for the cyclone 
center and for the clouds, we should be able to tell just how 
long it took for the high currents to reach St. Croix from the 
vortex of the storm. 

The notice of the storm from which the quotation is taken 
does not say what became of the cyclone after its return to 
Florida. According to the story of the high clouds, as told 
at St. Croix, it started once more on its movement over the 
Atlantic, and on this second occasion continued on its course 
for several days. If the high clouds were not on their trial, 
we might, after their accurate report about the recessional 
movement, take their word for the rest of the story; but as 
they are on their trial, all points must be supported by inde- 
pendent evidence. And as there is no evidence accessible, 
the latter part of the story must still remain unconfirmed. 

(2) In the article in the May number it was remarked in 
connection with the above storm— 

If it proves to be likely that there was a connection between the cir- 
rus clouds and the cyclone in the above last-named case, then this con- 
nection existed at a distance of about 1,200 miles, the distance between 
St. Croix and Havana. That would be a very striking fact, if we could 
establish it. 

Now it will perhaps be admitted that the remarkable 
agreement between the unusual movements of the cyclone 
center and the unusual movements of the high clouds, as 
above pointed out, amounts, when taken with the other facts, 
almost to a proof that the connection in question did exist 
when the cyclone left Florida and returned thereto. But the 
distance of the vortex from St. Croix must then have been about 
1,100 miles, or nearly as great as the distance to Havana. 
Hence there seems to be strong ground for believing that the 
influence on the upper air of the movements taking place in 
the vortex of a cyclone extends even to such a great distance 
as 1,200 miles. 

(3) In the same article, reference was made to some figures 
given by Mr. Page, in an earlier number of the Monrutiy 
Weartuer Review, concerning the direction of cirrus cloud 
movements at Havana, but as the said earlier number was not 
then at hand the figures could not be quoted. They have 
since been found in the Monrary Wearuer Review for July, 
1904 (page 311). They represent Mr. Page’s analysis of the 
frequency of upper cloud motions during hurricane months, 
as observed at Belen College, Havana, and are as follows: 


Percentage of frequency of movement from— 


Number of 
Clouds observations 7 ~ 
NE. SE. SW. NW. 
645 23 8 39 30 


From this it will be seen that 69 per cent of the movements 
noted were from westerly points, while only 31 per cent, not 
quite one-third of the whole, were from easterly points, so that 
it is hard to see how Father Vifies could have arrived at the 
conclusion that there is a “superior general current which at 
that time of the year (the hurricane season) comes from the 
eastern quarter ”. 
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There seems to the present writer to be no evidence what- 
ever for such a conclusion; but the truth appears to be that 
the normal direction of the upper current during the hurri- 
cane season, as at all other times, is from a westerly point, and 
that any deviation from this rule is to be lookt upon not as a 
mere freak, or accident, but as a phenomenon to be traced to 
a definite cause—that cause being, at all events in some cases, 
the presence and progress of a cyclonic depression. 

Since writing the article to which the above remarks 
are offered as supplementary, we have had in the West Indies 
another hurricane season, and, altho no hurricane has occurred 
among the islands, we have seen here in St. Croix, during the 
season, no less than eight deviations of the high clouds from 
their usual course. Some of these were thru south round to 
the northeast quadrant, indicating perhaps, distant storms on 
the Atlantic, passing to the north of these Danish Islands; 
while others were thru north round to the above-named quad- 
rant and indicated, it may be, storms originating in the Carib- 
bean and passing northward. 

So far there is very little evidence to connect any of the 
deviations, or “ excursions’, as we may perhaps call them, with 
cyclonic depressions. 

The last three occurred in the latter part of September and 
in October; each was attended by a small fall in the barometer, 
and each October movement gave a little rain to St. Croix, on 
the 10th and 20th, respectively. 

These three “excursions” are dealt with in the local news- 
paper (St. Croix Avis) of October 30 in the following article 
by the writer, which may serve to close the present paper: 


Those of our readers who take an interest in weather studies will 
remember that in the last number of this paper we spoke of three 
excursions which the point of origin or radiating point of the high 
clouds had made from its normal position about west into the northeast 
quadrant, one in September and two in October. They were as follows: 

1. The first excursion—commencing from southwest by west, going 
round to northeast, and lasting from the 23d to the 29th of September. 

2. The second excursion—commencing from south-southwest on the 
8th (with a temporary excursion to south-southeast) and going round to 
northeast by north, and lasting from the 8th to the 18th of October. 

3. The third excursion—commencing from west-southwest and going 
round to northeast by north, and lasting from the 19th to the 25th of 
October. 

From earlier comparisons of high cloud observations with the known 
and mapped out tracks of certain cyclones, we believe that each of these 
three excursions means the origin of a cyclone in the Caribbean, its 
subsequent passage from that sea to the Atlantic, and its farther move- 
ment in a northerly direction over that ocean. Sometimes there are 
excursions in the other direction, namely, round through south and east, 
but we need not consider them here. 

But how are we to know that these swings of the radiating point 
of the high clouds through north round to northeast have the mean- 
ing ascribed to them. Evidently we can only come at it by finding 
out whether there were any actual cyclones answering to the theo- 
retical description. In each of the three cases now under consider- 
ation the movement appears to have been of no great importance before 
or at the time of leaving the Caribbean, for we have heard of no storms 
among the islands to the west of us; if there were any, they were not of 
sufficient force to be destructive, or at all events not to any degree that 
was thought worth reporting. They entered the Atlantic quietly, but it 
remains to enquire whether they were developed there. From the du- 
ration of the high cloud excursions, and the radiating point going round 
as far as northeast, we should infer that in each case considerable energy 
was developed as the cyclone traveled northward, but what evidence is 
there to show that such was the fact. About the third one we have as 
yet no confirmatory tidings; but it is now (on the 29th) only four days 
since the influence of this movement on the high clouds here ceased, so 
the case may fairly claim a little delay. We deal therefore with the evi- 
dence for the first and second excursions. 

1. Evidence bearing on the first excursion. In the Avis of Saturday 
last (26th instant) we adduced the case of the schooner Carrie E. Buck- 
nam, which on the Ist of October, in latitude 37° 44’, with a gale blowing 
from northwest, appears to have had a cyclone center to the northeast of 
her. To-day we are able to bring what looks like fairly good evidence 
that a powerful cyclone passed up the Atlantic during the high cloud 
excursion which we now have under consideration. The New York 
Herald of the Ist of October gives some account of a storm which en- 
dangered the Atlantic fleet at Cape Cod on the night of the 29th of Sep- 
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tember. It was a gale from the east. That it was part of a cyclone is 
evident from the reference to the fact that storm signals had been 
hoisted; and it seems likely that the cyclone did not come off the conti- 
nent, but up the Atlantic, for a short paragraph in the same paper 
speaks of the fears of the Navy Department for the safety of the seago- 
ing tug Lebanon and the Gloucester, which were on their way from Pen- 
sacola, Fla., to the Navy Yard at Portsmouth, N. H., where the Gloucester 
was to be repaired. 

Cape Cod is in latitude 42°. In the September cyclone of last year the 
storm center had reached about latitude 32° when its hold on the high 
clouds here was given up. Cape Cod is much (say nearly 700 miles) 
farther away; but then we must remember that the storm center was not 
at Cape Cod, but some distance south of it, and that it may have been 
moving very fast toward the north. 

From all which it appears that, while the evidence looks very prom- 
ising, we can not make proper comparisons or make sure of the case till 
we get further details, which may possibly come to hand later. 

2. Evidence in regard to the second excursion (the first in October). 
In this case we have as yet only one piece of evidence, namely the 
experience of the Guiana on her recent trip from New York. The steamer 
left New York at 6 p. m. on Saturday the 12th instant to come south; about 
the same time, or perhaps on the previous day, the cyclone left the Ca- 
ribbean to go north. If they should pass each other it would not be 
surprising. Accordingly, Tuesday night was rough. A gentleman who 
was one of her passengers informed us that he came on deck very early 
on Wednesday morning and observed three things, a strong wind from 
southwest, a considerable sea rolling in from southeast, and a dense bank 
of clouds toward the northeast. The barometer had dropped to 29.60 
and the steamer had been slowed down a little during the night. We 
ean see at once that a cyclone with its center some distance to the 
west of the steamer (100 or 200 miles, perhaps) had passed during the 
night. When in the morning the wind was southwest, the center 
was away to the northwest. The sea which came rolling in from the 
southeast had no doubt been raised by the wind in the cyclone’s north- 
east quadrant, and the clouds to the northeast had been carried there 
by the southwest wind. As the steamer came south the conditions be- 
came rapidly better till she was once more sailing in fine weather. 

Thus it will be seen that there is some evidence to confirm the theo- 
retical views about excursions numbers one and two, and we may hope 
to get more later. For any confirmation in regard to excursion number 
three we must, as already intimated, wait a little longer. 


A METHOD OF PRESERVING RAINFALL. 
By J. Ceci, Avrer, Assistant Observer. Dated Salt Lake City, Utah, November 4, 1907. 


On April 16, 1907, I placed 0.20 inch of pure olive oil on 0.20 
inch of water in the regulation Weather Bureau pattern 8-inch 
rain gage—with the funnel receiver, but without the inner 
tube—and exposed the gage in the regular support alongside 
the tipping-bucket gage. On November 3, 1907, I measured 
the contents of the gage, which amounted to 7.77 inches after 
deducting for the oil and the original water supporting the 
oil. The records in the office. obtained from the tipping- 
bucket gage during the same period of time, indicated a total 
precipitation of 8.03 inches—a discrepancy of 0.26 inch, or 
about 3 per cent, which was probably caused in part by evapo- 
ration; for after light showers, which are so frequent here, 
many tiny drops of water have been observed to lie sustained 
on the oil for a considerable length of time before sinking. 

This experiment has been carefully made, and the results 
may be useful in solving the problem of obtaining records of 
precipitation in the unpopulated regions of the West. 


RECENT ADDITIONS TO THE WEATHER BUREAU 


LIBRARY. 
H. H. Kimpatt, Librarian. 


The following titles have been selected from among the books 
recently received, as representing those most likely to be useful 
to Weather Bureau officials in their meteorological work and 
studies. Most of them can be loaned for a limited time to 
officials and employees who make application for them. 


Baden. Zentralbureau fiir Meteorologie und Hydrographie. 
Deutsches meteorologisches Jahrbuch. 1906. Karlsruhe. 1907. 
75 p. f°. 
.. 1906. Karlsruhe. 1907. 116p. f°. 
Birkeland, B. J. 
Neue Feuchtigkeits-Tafeln fiir das Psychrometer unter dem Gefrier- 
punkt. Christiania. 1907. 33p. 4°. 
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Budapest. Observatoire sismique. 
Rapport annuel sur les observatoires sismiques des pays de la Sainte 
Couronne de Hongrie. ‘Budapest. 1907. llp. 8°. 
Dellenbaugh, Frederick 8. 
The romance of the Colorado river. xxxv, 399 p. &°. 
Great Britain. Meteorological office. 
Hourly readings obtained from the self-recording instruments at 
four observatories in connection with the Meteorological office, 
1906. London. xiii, 197 p. f°. 
Hérault. Commission météorologique. 
Bulletin météorologique. Année 1906. Montpellier 1907. 128 p. 4°. 
. Grossherzogliche hydrographische Bureau. 
| Jahrbuch ...1906. Darmstadt. 1907. 
[13], 59 p. fe. 
Hoyt, John Clayton and Grover, Nathan Clifford. 
River discharge. New York. 1907. vii, 137 p. 8°. 
Milham, Willis I. 
Cloud classification. 9p. 8°. Williamstown. 1907. 
Riefier, 8. 
Die Uhrenanlage der Hauptstation fiir Erdbebenforschung am physi- 
kalischen Staatslaboratorium zu Hamburg. Laibach. 1907. 12 p. 8°. 


REBOENT PAPERS BHARING ON METEOROLOGY. 
H. H. Kimpatt, Librarian. 


The subjoined titles have been selected from the contents 
of the periodicals and serials recently received in the Library 
of the Weather Bureau. The titles selected are of papers or 
other communications bearing on meteorology or cognate 
branches of science. This is not a complete index of the 
meteorological contents of all the journals from which it has 
been compiled; it shows only the articles that appear to the 
compiler likely to be of particular interest in connection with 
pth po of the Weather Bureau. Unsigned articles are indi- 
ca ya 


Proceedings. New York. v. 33. Dec., 
1907. 


J. de. Notes on rainfall at Savannah, Ga. 
1101-1110. [Includes tabulation of all cases of excessive rainfall 
at Savannah, Ga., 1889-1906, inclusive. ] 
Electrical world. New York. v. 50. Dee. 7, 1907. 
——— Lightning protection. p. 1083-1084. [Describes recent forms 
of lightning arrestors. | 
ical journal. London. v. 30. Dec., 1907. 
oosnam, R. B. Ruwenzori and its life zones. p. 616-629. 
[Includes notes on the climate. | 
Nature. London. v.77. Dee. 12, 197. 
——— Experiments on wind pressure. p. 139-140. [Abstract of paper 


by T. E. Stanton. } 
Royal society. Proceedings. London. Series A. v. 80. No. A 536. 
wr ey Arthur. The diurnal variation of terrestrial magnetism. 
p. 80-82. 
Science abstracts. London. v.10. Nov., 17. 
nj, A. Air resistance. [Abstract of article by Joubet.] 


B(orns], H. Indian Ocean meteorology and the southwest mon- 
soon. [Abstract of article by C.W.Brebner.] p. 590. 


Scientific American . New York. vw. 64. . 14, 1907. 
ee t on show windows. Cold-weather advice. 
p. 375. 


-—— Electric waves in the service of meteorology. [Abstract of 
paper by Guillén-Garcia describes the use of thunderstorm re- 
corders in forecasting.] p. 382-383. 

Stentzel, Arthur. The climate of Mars. Its effect on the habit- 
ability of the planet. p. 383. 

Aérophile. Paria. 15 année. Nov., 1907. 

Tatin, Victor. Les oiseaux, les aéroplanes et le coefficient de la 
résistance de lair. p 309-312. 

—_ Jacques. Physiologie de l'aéronaute. p. 316-317. [Ab- 
stract. 

Nature. . 36 année. 14 déc., 1907. Supplement. 

—— L’argon de l'air atmosphérique. p. 9. [Note on new method of 
extracting argon and the other rare gases of the atmosphere. } 

Journal de physi Paris. 4 série. Tomeé. Nov., 1907. 

Trovato-Castorina,G. Sur la direction des décharges électriques 
atmosphériques dans les coups de foudre. p. 928. [Abstract.] 

Zeitachrift. . Bd. 24. Now. 1907. 

Jaerisch, Paul. Zur Theorie der Luftdruckschwankungen auf 
Grund der hydrodynamischen Gleichungen in spharischen Koordi- 
naten. p. 481-498. 

Teisserenc de Bort, Léon. Ueber dei Verteilung der Temperatur 
am nordlichen Polarkreis und in Trappes. p. 
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Hann, J. M. E, Stephan iiber Temperatur, Regen und Winde von 
Marseille. p. 500-501. 
diquivalente Temperatur als klimatischer Faktor. 
p. 501-504. 
Trabert, Wilhelm. Eine médgliche Ursache der geringen Tem- 
peraturabnahme in grossen Héhen. p. 504-506. 
Nippoldt, A. Vorlaiifige Ergebnisse der magnetischen Landes- 
aufnahme von Baden, Hessen und Elsass-Lothringen. p. 506-508. 
Hann, J. Osc. V. Johansson: Ueber die anemometrischen Wind- 
stdirkemessungen in Finland. p. 508-509. 
Hann, J. R.Strachan iiber die Temperatur um die britischen 
Inseln in Beziehung zum Golfstrome. p. 509-511. 
H{ann], J. A. Defant iber den Talwind des Unterinntales. p. 511. 
Schmidt, Wilhelm. Ueber Messungen der terrestrischen Re- 
fraktion auf dem hohen Sonnblick. p. 512-514. 
Macdowall, Alex. B. Sonnenflecken und Regenfall zu Rothesay 
(Schottland) 1804 bis 1904. p. 514. 
Hann, J. Der tigliche Gang der Temperatur in den Vereinigten 
Staaten. p. 514-515. 
H[ann],J. Zum Klima von Porto Rico. p. 515-516. 
—— Dr. L. Grossman iiber die Veriinderlichkeit der Temperatur von 
Tag zu Tag an der deutschen Kiiste 1890-1899. p. 516-518. 
Exner, F. M. W.N. Shaws Untersuchungen iiber die Lebens- 
geschichte von Luftstr6mungen an der Erdoberfliche. p. 520-523. 
H[ann), J. Zum Klima von Finnland. p. 523. 
Naturwissenschaftliche Rundschau. Berlin. 22 Jahrgang. 5 Dez., 17. 
Messerschitt, J. B. Die erste Generalversammlung der inter- 
nationalen seismologischen Assoziation im Haag vom 21. bis 25. 
September 1907. p. 626-628. 
Petermanns Mitteilungen. Gotha. 53. Band, 1907. 
Halbfass, —. Apparat von Schnitzlein zur selbsttitigen Auf- 
zeichnung von Wassersténden. p. 241-242. 
ikaliache ift. Leipzig. 8 Jahrgang. 15 Nov. 1907. 
Linke, F. Ueber die Arbeiten des Samoa-Observatoriums. p. 871. 
Bérnstein, R. Zur Geschichte der hundertteiligen Thermometer- 
_ p. 871-874. [Inversion of the Celsius scale attributed to 
Linné. 
E. Ueber tatsiichliche vieltaégige Perioden des Luft- 
druckes. p. 874-879. 
Zeitachrift fiir Inatrumentenkunde. Berlin. 27 Jahrgang. Nov., 1907. 
Sprung, A. Eine Vereinfachung des Gallenkampschen Regen- 
Auffangapparates. p. 340-343. 
Netherlands. Koninklijk Nederlandsch meteorologisch Instituut. Mededee- 
lingen en cxtantslingm. No. 102. 
Gallé, P. H. Cyclone in the Arabian Sea. October 18-November 4, 
1906. 8 p. 
Societa degli spettroscopisti italiani. Memorie. Catania. v. 36. 1907. 
Lo Surdo, Antonino. I! nuovo metodo di Knut Angstrém por lo 
studio della radiazione solare. p.192-197. [Abstract.] 


STUDIES OF FROST AND ICE CRYSTALS. 
By Wrison A. Bentiey. Dated Jericho, Vt., May 28, 1906. Revised July, 1907. 
(Continued from October Review. ) 
VIII. —CLASSIFICATION OF ICE CRYSTALS. 
(67) List of types. 

There are at least five different and characteristic types 
among the nuclear or germ ice crystals, and two or three 
additional post-nuclear types. In general, if wth is al- 
lowed to proceed for a sufficient length of time, each of these 
various germ types passes thru certain typical and character- 
istic growth phases peculiar to it. All, or nearly all, when 
first organized, possess smooth edges and contours, but they 
subsequently pass thru the scalloped, the ray, and the branch- 
like stages of growth before completion. These various types, 
because of peculiarities of form and resemblance to the objects 
after which they are named, may be grouped and named as 
follows: 


1. Lanceolate ........... Lance-like, MLA. 

3. Solid hexagonal ..... Solid hexagonal plate-like, MHC. 
4. Flower-like ........... Ice flower-form,MFD. 

5. Spandrelliform ........ Resembling a spandrel, MSE. 
Resembling coral, MCF. 


Each of these respective types requires and will receive especial 
mention by itself in the text, in the order of relative frequency 
of occurrence of each in nature, so far as I have observed them 
at Jericho, Vt. 

(68) Type MLA. Lanceolate ice crystals. 


These lance-like or needle-like crystals are illustrated in 
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photographs Nos. 233 and 234. Some of the crystals are very 
long and slender and lance-like, others shorter and broader at 
the center than at the extremities, while still others broaden 
out so greatly at a central point along one of their edges as 
to suggest the idea that segments of disks had attached them- 
selves to them. Perhaps those first mentioned occur most 
frequently. They usually form upon and shoot outward from 
some object, as from the edges and sides of ponds, brooks, 
and artificial receptacles holding water in process of freezing. 
Photographs Nos. 233 and 235 will convey an idea of their 
general aspect. 

The very first ice crystals to form when water begins to 
freeze are almost invariably of this description. As these lat- 
ter grow upon the surface, scallops and branches form and 
grow outward from one or both edges, as shown in photo- 
graphs Nos. 235, 236, 237, and 238; and eventually grow in 
parallel rows downward into the water from their under sides, 
in the manner shown in photographs Nos. 239A and 239 B. 
They are perhaps the main fabrics of the ice, as they alone 
merge and form ice films by themselves in addition to fre- 
quently combining with other types of ice crystals to form such 
films. The needle-like ice crystals that broaden out upon one 
edge at the center (see photograph No. 234) always form in- 
dependent of a support in the free water, and proceed to grow 
in many cases in the manner shown in photograph No. 240, 
thru the formation of scallops around their edges. These 
scallops soon develop into rays and branches, and they pass 
into the branch-like state and continue their growth in a 
branch-like manner. 


(69) Type MDB. Discoidal ice crystals. 


These strange and most interesting crystals of ice come 
into visible existence in the form of tiny, round, thin, disks of 
ice of various dimensions, as shown in the photograph No. 
241. Some seem to be perfectly flat, and others slightly con- 
cave. All are exceedingly thin, and when first formed look 
like tiny films or specks of oil resting upon the surface of the 
water. They vary somewhat one from another in size and 
form, and in the degree of perfection, or spheroidicity, of the 
disks. Ofttimes two or more crystals merge together while 
yet in the germ state and form many-lobed disks of irregular, 
unsymmetrical shapes. At this first stage discoidal crystals 
seem not to possess secondary axes and grow in a round and 
seemingly most uncrystal-like manner. But as growth pro- 
gresses they soon come to the “ parting of the ways”, and grow 
differently. At this, their critical stage of growth, tiny scal- 
lops begin to form at certain equidistant points (six in num- 
ber) around their edges. Photograph No. 242 shows them at 
this stage of growth. This is a most strange and fascinating 
period in their life history. Under the influence of continued 
cold and a more rapid rate of growth and of certain mysterious 
crystallic laws, seemingly latent influences become active, and 
they pass from the germ, or nuclear, into the mature, from the 
simple into the complex state of being; they acquire second- 
ary axes,and grow afterward in a more truly crystal-like man- 
ner, and are more in accord with the hexagonal system of crys- 
tallization to which they belong. Scallops soon form around 
their whole circumference and grow rapidly larger, but those 
that first appeared grow much faster than the others. Photo- 
graph No. 243 shows them at this period of their growth. 
Eventually certain of the scallops push outward so far beyond 
the others as to give a star-like or flower-like appearance to 
the crystals, and they pass into the beautiful “ice flower” 
stage shown in photographs Nos. 244 and 245. 

The next step consists in a marvelously rapid development 
of the six longer scallops or rays, which push outward far 
beyond the others and assume the role of primary rays; then 
follows the formation and growth of numerous secondary rays 
upon and around such primary rays. The beautiful appearance 
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of such flower-shaped crystals, or “ice flowers’’, is well shown 
in photographs Nos. 246 and 247. 

The final and last step in their development consists in a 
continuation of the growth of the main rays and the formation, 
or multiplication and growth of secondary rays thereon. This 
stage is well shown in the beautiful branch-like crystals por- 
trayed in photographs Nos. 248, 249. The crystals attain 
their greatest beauty and complexity at this point, and such 
as may have developed apart by themselves and in a symmet- 
rical manner, often possess a beauty and complexity of form 
and outline rivaling that of many of the branch-like snow 
crystals which they so greatly resemble. 


(70) Type MHC. Solid hexagonal ice crystals. 


Ice crystals of this form differ little from those last men- 
tioned, except that they possess hexagonal forms, having sharp 
or but slightly rounded corners instead of circular forms and 
outlines as is the case with discoidal crystals. Examples of 
this and other types of crystals may be seen in photographs 
Nos. 241 and 250. They pass successively thru the scallop, the 
ray, and the branch-like states of growth as do the latter, but 
unlike them, begin and conduct their whole growth from the 
very first upon the hexagonal plan, upon and around secondary 
axes, in a manner similar to that of the snow crystals. Owing 
to crowding and early merging together individual ice crys- 
tals of this, and indeed of other descriptions, are rarely per- 
mitted under natural conditions to continue development for 
any considerable length of time in a perfectly symmetrical 
manner or to attain a very considerable size. But under arti- 
ficial conditions, such as may be brought about in the case of 
ice crystals that are allowed to form and to grow upon the 
calm surface of the water (as in a pail of water in process of 
freezing), individual crystals of this and of other types can 
be kept apart from each other and allowed to grow by them- 
selves, by removing any crystals that form or float into their 
immediate vicinity. Under such favorable conditions, they 
can be made to grow and develop into crystals of large size, 
and of great beauty, complexity, and symmetry of form. 


(71) Type MFD.  Flower-like ice crystals. 


This type of ice crystal seems to begin at once in the hexa- 
gonal star or flower form. These are quite tiny at first, and of 
simple form, the usual germ form consisting of a tiny hexagonal 
star with six leaf-like petals, like the smaller crystals shown 
in photographs Nos. 250 and 251. They rarely remain long in 
this form. Seallops and secondary branches soon form upon 
and around the edges of each of the six primary petals and 
they pass into the branch-like stage, as shown in photographs 
Nos. 252 and 253. This type of crystal also assumes elegant 
and symmetrical branching forms if allowed to develop under 
favorable artificial or natural conditions. 


(72) Type MSE. Spandrelliform ice crystals. 

These singular ice crystals vary somewhat in form one from 
another, even when first organized. Commonly one edge is 
straight in contour, and the opposite one curving. The two 
edges often conspire to outline a hat-shaped or spandrel-like 
figure. Photograph No. 254 pictures a typical example. 
These strange forms, like other types, successively pass thru 
the scallop and the branch-like stages of growth. Photograph 
No. 255 shows them while in the scallop stage, and No. 256 
pictures one after entering upon the branch-like stage. 

Singularly enough, quite a few of these and also some crys- 
tals of the needle-form type, shown in photograph No. 234, 
grow outward from the corners toward the straight edge, and 
assume a horseshoe or meniscus-like form. Photograph No. 
257 shows a spandrelliform crystal that developed in this 
strange manner, while No. 258 shows a needle-form crystal, 
and also the spandrelliform crystal at a later stage of growth, 
after it had grown in the manner just described. Why certain 
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isolated crystals of these respective types grow in the strange 
abnormal manner shown in the photographs is indeed most 
mysterious; and the mystery is heightened by the fact that it 
often happens that crystals of both of the respective types 
under consideration form and grow in a normal manner at the 
same time and upon the same body of water as those that 
develop abnormally. 
(78) Type MCF. Coralline ice crystals. 

This graceful and elegant type of ice crystal usually, if not 
invariably, forms upon and grows out from some preconsti- 
tuted nucleus, as from some one or more of the other types, or 
from some irregular discoidal crystal germ. In general the 
coralline crystals seem rarely to grow from mature discoidal, 
hexagonal, or flower-shaped crystals; they seem to prefer 
the needle or lance-form ice crystals, or the spandrelliform 
crystals, as nuclei from which to develop. Coralline ice 
crystals consist of myriads of rounded, convoluted, disk- 
like outgrowths, clustered one outside another in such a 
manner as to form graceful curving branches, greatly re- 
sembling certain forms of coral. Their whole development 
occurs in a sinuous and meandering, rather than a straight 
and regular fashion, and in this regard they resemble the 
meandering type of window-ice crystals. Why » Be coral forms 
should grow in this seemingly uncrystal-like manner, upon 
the surface of water supporting growing needle-like, flower- 
like, and hexagonal ice crystals side by side with them, all of 
them growing in a crystal-like manner markedly unlike the 
coral forms, is indeed most strange and incomprehensible. 
Beautiful specimens of this type of ice crystal may be seen in 
photographs Nos. 259 and 260. No. 259 formed and grew 
from a tiny twin discoidal crystal similar to the one seen at 
one side of the coral-form ice crystal. 


(74) Additional photographs of ice crystals. 

The author’s collection of photographs of ice crystals num- 
bers over 200 and contains many beautiful and interesting 
forms, in addition to those already mentioned. It is thought 
best to select a few from among them to use for illustrative 
purposes. These added ones are Nos. 261, 262, 263, 264, and 
265. No. 261 shows an interesting specimen of a twin discoidal 
ice crystal at a second stage; two circular discoidal crystals 
united together to produceit. No. 262 shows a very interest- 
ing group of ice crystals of various types. It shows how ice 
crystals of various types, sizes, etc., form and grow at the same 
time, side by side, upon a given body of calm, freezing water. 

No. 263 is a photograph of a lenticular body of ice formed 
by the freezing of water in a shallow dish. In this case the 
water was frozen rapidly, and the ice crystals that accom- 
plished the work formed around the édges of the dish and 
grew inward; hence the so-called air tubes within the ice, in- 
stead of forming with their longer radii normal to the surface 
of the water, formed for the most part parallel to the surface 
of the water. The forms and arrangement of the air tubes 
within this lens-shaped body of ice are well shown in the photo- 

raph. 
: Nos. 264 and 265 show how environment and crowding im- 
pair symmetrical growth, and how the segments of neighbor- 
ing crystals lying farthest apart from such crystals as may be 
in their vicinity are stimulated in their growth by the prox- 
imity of relatively large areas of crystal-free spaces of chilled 
water surface, from which to draw material for new growth, 
while those segments that lie nearest adjoining crystals are 
retarded and hindered in their growth by such contiguity, 
and by a consequent lack of extensive areas of chilled surface 
water (water molecules) in their immediate vicinity from which 
to draw material for growth. They serve to establish the fact 
that growing ice crystals, resting upon the surface of the 
water, at first draw but little from beneath the surface of 
the water toaid in their growth; but that they draw material 
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for their growth almost wholly from a thin film of chilled sur- 
face water. 
IX.—HAIL. 
(75) Probable manner of formation and classification. 

It is well known that as a result of the action of certain 
meteorological forces and conditions, not yet well understood 
in all cases, a portion of the raindrops formed in summer dur- 
ing rain and thundershowers and tornadoes, and also in winter 
by the melting of snow crystals or snowflakes, is sometimes 
frozen in the air or in the clouds and converted into solid 
masses or accretions of ice called hail. In general, the forms, 
structures, sizes, degree of transparency or opacity, and pre- 
sumable manner of origin of hailstones formed in winter vary in 
considerable degree from those produced in summer. Because 
of this, and also because in general winter hail is peculiarly 
the product of general snowstorms and of horizontal air cur- 
rents, whereas summer hail is peculiarly the product of local 
rain and thundershowers and of violently ascending air cur- 
rents, it is convenient and advisable to separate hailstones 
into two classes, winter hail and summer hail, according to 
the respective times of occurrence and manner of origin. 


(76) Cause and occurrence of winter hail. 


Because of its apparently greater relative frequency of occur- 
rence, winter hail should perhaps receive mention first. 

In general, winter hail is peculiarly the product of the 
eastern or southeastern segments of widespead general storms. 
Such storm segments seem to produce hail not always, but only 
in some cases. Whenever winter hail occurs the melting of 
the snow crystals, which presumably go to its upbuilding, is 
due to the presence of a warm but presumably relatively thin 
and somewhat elevated stratum of air lying between the earth 
and the clouds or between two low cloud strata. Such warm 
air currents almost certainly come from the south or east and 
flow spirally inward in a horizontal manner toward the centers 
of such storms between the colder air strata existing within 
such storms both above and below them. The melted snow 
that descends as liquid raindrops from the lower side of a 
warm air current freezes into hail while the drops are falling 
thru the cold substratum of air lying between the warm stratum 
and the earth. 

Winter hail ofttimes occurs simultaneously over relatively 
large areas. In general, sleet or mixt sleet and rain precede 
and follow the occurrence of winter hail. Such hail usually 
occurs during southeast winds, when the temperature of the 
air at the earth’s surface ranges from 23° to 35° F. The 
individual winter hailstones, tho occasionally of practically 
uniform size, in general vary somewhat in size and sphericity, 
both during a given storm and from one storm to another. 
Hailstones varying from one-thirtieth inch to one-eighth inch 
often fall together. 

(77) Structure and forms of winter hailstones. 


The interior structure of winter hailstones varies somewhat 
in different cases. All possess tiny air tubes and air bubbles, 
but some in greater quantity than others. Some contain but 
a few relatively large ones, others many small ones. Some- 
times a tiny group of bubbles occurs clustered within their 
nuclear portions. In general, the larger air tubes radiate 
from the center outward. In most cases the majority of the 
air tubes are clustered at the center of each hailstone. 

Winter hailstones assume various forms. The great majority 
are round, but some are egg-shaped, and pear-like shapes are 
not rare. These latter are of much interest. Pear-shaped 
hailstones are doubtless due to the fact that the larger spher- 
oidal ones, because of their greater weight, fall downward 
faster than the smaller hailstones and the smaller undercooled 
raindrops, and hence overtake and merge with these. In 
some cases the tiny raindrops encountered are not too much 
undercooled to have time to spread around considerably upon 
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the hailstones before solidification takes place; but in others 
they are undercooled to such an extent as to freeze instantly 
upon impact. The latter cases presumably produce the pear- 
shaped hailstones. 

The writer secured many interesting photographs of winter 
hailstones, and of sections of such stones, during the winter 
of 1906-7, a few of which are reproduced herein as illustra- 
tions. Nos. 267 B, 268 A, 268 B, 270, and 271 show the typical 
arrangement of the air tubes within the stones. No. 266 B 
shows a more diffuse and less common arrangement. Nos. 
267 A, 268 A, and 269A show whole pear-shaped hailstones, 
while 267 B, 268 B, and 269 B show sections of pear-shaped 
and oval-shaped stones under larger magnifications. 

(78) Occurrence and cause of summer hail. 


Summer hail seems to be peculiarly a product of violent 
summer showers, and especially of thundershowers and torna- 
does and of violently expanding volumes of cloud-laden air. 
Newly formed or forming showers, or newly forming annexes 
to old ones, and those terrible rotating storms called tornadoes 
seem to be the principal, if not the only summer storms that 
produce hail. Unlike winter hail, summer hail occurs over 
very small areas and is a purely local phenomenon. Yet it 
frequently happens that hail occurs simultaneously, or on the 
same date, at various and perhaps widely separated points. 
Hence it may be presumed that in general the same peculiar 
causes that operate to produce hail within some particular 
shower of a series will operate at other points, and cause the 
formation of hail there also. In general the portion or seg- 
ment of a given shower that produces hail is of relatively 
small area, hence the path of a hailstorm is quite narrow. 
Such hailstorm paths vary from perhaps a few hundred feet 
to as much, in some cases, as a mile or so in breadth. It 
seems to be the case usually, if not invariably, that the clouds 
extend to a very great height above the particular segment 
of a shower that produces hail. Probably in most cases such 
hail-producing clouds far overtop the surrounding clouds that 
produce rain only. 

(79) Usual structure of summer hailstones. 


Tho the individual summer hailstones occurring in the 
same or in different individual storms often vary markedly 
one from another in size and exterior form, yet in general their 
internal structures and appearances are quite characteristic 
and similar. The nuclei of most summer hailstones consist of 
whitish, more or less opaque and seemingly amorphous ice. 
In nearly all cases a coat of clear normal ice extends around 
and incloses the opaque nucleus, and, in the case of most large 
hailstones, many alternate coats or accretions of both clear and 
partly opaque amorphous ice seem to have been superimposed 
in alternate concentric order upon and around such nuclei. 
Because of this a cross section of a large hailstone presents a 
circular banded appearance. A great majority of the smaller 
summer hailstones are round, ovoidal, or pyramidal in shape. 
The larger ones are remarkably less regular in form than the 
smaller ones, and a larger percentage of these possess ovoidal, 
oblate, or irregular jagged forms. Small summer hailstones 
rarely merge or freeze together, but when, as usually happens, 
small and large ones occur together, the small ones frequently 
merge with the large ones and freeze in most varied order 
upon them. 

(80) Peculiar structures. 

Certain peculiar large egg-shaped and facetted hailstones 
possess such a post-nuclear structure as would seem naturally 
to suggest that the outer or post-nuclear portion was formed 
subsequent to the nucleus, as a result of the merging of many 
small hailstones. The absence of cavities within them, how- 
ever, makes this theory of their origin untenable. Under the 
microscope the whitish, snow-like, nuclear ice and the concen- 
tric coats of post-nuclear ice are seen to be thickly threaded 
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by air tubes chaotically arranged, by icy nodules, and by 
granular fibers resembling those of which granular amorphous 
snow is composed, or such as would likely result were the 
fibers partially melted. The forms, locations, and arrangements 
of these interior air tubes and of the other features that 
resemble nodules and fibers of granular amorphous snow, cor- 
respond so closely to the jagged granules and fibers of which 
actual natural granular amorphous snow is composed, as to 
leave little doubt but that they have such a snow origin, and 
were inclosed and eventually frozen within a liquid coating 
of ice-cold water surrounding a pellet of granular snow, all of 
which may be said to constitute a raindrop of “ melted snow ”. 


(81) Probable manner of formation of summer hail. 


Assuming this to be the case, hailstorms not only have a 
granular snow origin, but as growth progresses in cloudland 
they must repeatedly and alternately encounter clouds of 
warm mist and cold snow. If we may judge of the origin and 
formation of summer hailstones by what seems to be revealed 
or indicated by their forms, size, structure, etc., then it would 
seem that they are, in general, formed in the manner described 
in the following paragraphs: 

(a) The nuclei, or rather what eventually go to form such 
nuclei, are first organized in the form of pyramidal or star- 
shaped granular snow, within the central and upper portions 
of very lofty, violently and vertically expanding, mushroom- 
shaped cumulus, or cumulo-cirrus clouds. The rapidly as- 
cending air currents within the central portions of such clouds 
may expand upward in some cases as internal whirlwinds, and 
in others very strongly but without marked rotary motion; but 
their upward motion is assumed to be so rapid as to enable 
them to sustain and carry along upward with them all the 
raindrops and granular snow that come within their grasp. 

The pellets of granular snow are blown upward and expelled 
or released from the grasp of the powerful updraft air currents 
only at or near the summit and spreading portion of a cloud. 
Once the pellets reach the spreading-out portion of a cloud, 
they are blown outward in a horizontal, rather than upward in 
a vertical manner; thus they lose their ascensional motion and 
begin to fall earthward. The larger pellets and the larger 
hailstones, caused by melting and refreezing necessarily fall 
first and nearest to the central vortex, while the smaller pellets 
are blown farther outward into the spreading portion of the. 
clouds, and fall earthward farther away from the center. Many 
of the latter eventually fall as rain completely to earth at some 
point beneath the shower clouds. 

(b) A portion of the granular pellets, however, and especially 
the large ones such as fall closest to the central vortex, as 
they fall earthward and become partly melted at lower levels, 
encounter strong horizontal indraft air currents, and are 
drawn by them again into the shower vortex, and are again 
carried far upward and converted into ice, and recoated with 
granular snow, and eventually expelled again, as in the first in- - 
stance, from the summit and spreading portions of the shower 
clouds. In some cases, as when the uprushing and whirling 
winds of the shower’s central vortex are very swift, the hail- 
stones may even once again undergo a descent and an ascent, 
as in the first and second instances. Or again, in their fall 
earthward they may encounter a secondary, newly-forming 
vortex, as an annex to the main one; and after being partly 
melted within its milder air, they may be carried far upward 
by it, again reaching cold, freezing altitudes and be once again 
frozen, before they become so heavy as finally to fall to earth. 

In short, this theory * assumes that, in general, summer hail- 
stones begin as granular snow, and are melted or partly 
melted only by partial descent, and are congealed only thru 


* The author assures us that he arrived at this theory quite indepen- 
dently of suggestions from the very limited authorities and literature to 
which he had access.— EDITOR. 
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ascent within the clouds. The writer believes that the process 
of hail formation as herein described, or some modification of 
it, is capable of completely explaining all the various phe- 
nomena of summer hail. Surely powerful air currents or winds 
must blow upward thru and within hail-producing clouds to 
sustain and buoy up the larger hailstones for the length of 
time necessary for them to grow to so considerable a size. 
[ To be continued. | 
THE WINDS OF THE LAKE REGION. 
By Prof. A.rrep J. Henry, United States Weather Bureau, Dated December 10, 1907. 

All motions of the air depend directly or indirectly upon 
differences in temperature. Differences in temperature arise 
in several ways, mostly, however, as a result of the varying 
amount of solar energy received at the earth’s surface in the 
various latitudes and the unequal heating of land and water 
surfaces. The temperature of the equatorial regions, for 
reasons that need not here be stated, is high as compared with 
that of the polar regions; as a consequence the isobaric sur- 
faces are inclined toward the poles, and there is, therefore, a 
flow of the upper air from the equatorial regions poleward in 
both hemispheres, with a countercurrent in the lower air from 
the poles toward the equator. This interchanging motion 
between the equatorial and the polar regions is modified by 
the deflecting force of the earth’s rotation, by differences in 
barometric pressure on different parallels of latitude, and by 
other causes which conspire to interrupt and at times reverse 
the general motions here indicated. 

In the Northern Hemisphere, with which we are most con- 
cerned, the principal winds are (1) the northeast trades whose 
polar limits do not extend much above 30° north latitude, and 
@) the prevailing westerly winds of the middle latitudes. 

ch of these winds forms an elemental part of the general 
circulation of the atmosphere, and is therefore controlled and 
modified by general rather than local influences. 

The normal temperature gradient between the equator and 
the poles near the surface of the earth is the principal cause 
of the winds. It is subject to a rather large annual inequal- 
ity—that is to say, itis strongest in winter and weakest in sum- 
mer—consequently the winds, particularly of the middle lati- 
tudes, also show an annual inequality both in direction and 
velocity; and, moreover, they are interrupted by local and 
temporary disturbances in temperature which produce gradi- 
ents strong enough to overcome the normal gradient for the 
time and place. These local and temporary disturbances occur 
most frequently in the warm season, when the equatorial- 
polar gradient is weakest; hence it follows that the winds are 
most variable in summer and steadiest in winter. Another 
cause for the general seasonal changes in the force and direc- 
tion of the wind is the annual migration of the heat equator. 
The temperature differences which arise between the continents 
and the oceans, as a result of such migration, cause a corres- 

nding movement of the lower portions of the atmosphere 

rom the colder to the warmer region. 


The meteorological stations in the Lake region from which 
the material for the following remarks was obtained are of two 
classes, viz, (1) the cooperative stations at which the prevail- 
ing direction of the wind by eye observations is recorded each 
day, and (2) the regular stations of the Weather Bureau where 
the direction and force of the wind is automatically recorded 
thruout each of the twenty-four hours. The Weather Bureau 
stations, with but one exception, are stationed along the Great 
Lakes. Since the direction of the wind is controlled at times 
by temperature differences that arise between contiguous sur- 
faces of land and water, the local winds at lake stations may 
not always show the general movement of the air, but merely 
the direction and movement of the air within a narrow zone 
surrounding the lake. To meet this objection use has been 
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made of a number of cooperative stations situated at some 
distance from the lakes. 

Winds of the cold season.—In the cold season, viz, from 
November to March, the winds of the Great Lakes are con- 
trolled chiefly by the meteorological conditions which prevail 
in the interior of the continent. The general drift of the 
surface winds in the United States east of the Rocky Moun- 
tains and north of about the thirty-fifth parallel of latitude 
for this period is from a westerly quarter; more specifically, 
the winds of the upper Missouri Valley, the upper Mississippi 
Valley, and the northern portion of the upper Lake region 
are northwest; in the southern part of the upper Lake region, 
the lower Lake region, and the Ohio Valley, west or southwest, 
and in the Middle Atlantic States, northwest. The mean path 
of the prevailing winds’ in these regions in winter is shown 
in fig. 1, No. 1. 

As the meridional altitude of the sun increases, the thermal 
conditions which prevailed over the continent in winter be- 
come reversed; the interior becomes warmer than the oceans 
on the same parallels of latitude on both the east and west 
coasts and the Gulf of Mexico onthe south. The consequence 
is, as pointed out by Ferrel,’ the air over the interior of the 
continent becomes more rare than over the oceans, rises and 
flows out in all directions above; while the barometric pres- 
sure is diminished, and there is an inflow below from all sides 
to take its place. The effect of this general warming up is not 
sufficiently strong, however, completely to overcome and re- 
verse the generally eastward drift of the atmosphere in these 
latitudes, but it is sufficiently powerful when the pressure 
gradients are weak to control the direction of the winds; hence, 
in the transitory months of spring and early summer the winds 
come alternately under the influence of (1) steep temperature 
and pressure gradients caused by the lingering cold of the 
continental interior, and (2) increasing solar radiation. The 
effect of the latter is seen mainly during intervals of clear 
weather and diminishing winds, which follow the passage of 
an area of high pressure and cold weather. As a consequence 
the winds of spring are more variable than those of winter, as 
may be seen from fig. 1, No. 2, where are charted the prevail- 
ing winds of spring. 

An interesting fact in connection with the winds of spring 
is the beginning of what appears to be a slight monsoon in- 
fluence on Lake Michigan, viz, onshore winds from April to 
September of each year, due in part, it is believed, to the dif- 
ference of temperature which prevails between the lake sur- 
face and contiguous land surfaces, and in part to the prevail- 
ing pressure distribution in the late spring months. 

The prevailing winds on the southwest shore of the lake, as 
may be seen from the data for Chicago, Table 1, are northeast 
from April to September; on the west shore, as at Milwaukee, 
northeast for April and May, and southeast from June to 
August, or from the lake to the land in both cases. At Esca- 
naba, on Green Bay, the prevailing winds are northerly until 
May, then southerly from May to October, both inclusive. 
The prevailing winds at Grand Haven, the only available sta- 
tion on the east shore, are easterly in April and southwesterly 
from May to September, with, however, a large percentage of 
northwesterly winds in July and August. Thus it will be seen 

' The term “ prevailing "’ unfortunately does not afford any indication 
of the relative frequency of the winds so designated. If the wind blew 
an equal number of times from each of the eight principal points of the 
compass, it would be said to have no prevailing direction, there being 
12.5 per cent from each direction. If, on the other hand, it had blown 
as much as 13 per cent from any direction, that direction would be desig- 
nated as the prevailing one. The term ‘prevailing’’ may, therefore, 
indicate winds of frequency ranging between 13 and 100 per cent. In 
Table 1 is given the percentage of wind from each of the eight principal 
points of the compass as determined hourly by automatically recording 
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that for the summer months, as graphically shown in fig. 1, 
No. 3, the winds are generally onshore. These onshore winds 
form about 20 per cent of the total winds observed. They 
prevail at times when the pressure gradients are weak, and 
subside as soon as stronger gradients appear. This exception 
should be noted. A pressure gradient that will produce a land 
wind on the west shore of the lake produces a lake wind on the 
east shore. The former are produced chiefly by the slow east- 
ward drift of areas of high pressure across the Lake region in 
which the seat of greatest cold and highest pressure is found 
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in August, and to zero in October. In November the water 
temperatures along the shore are about 6° warmer than the 
corresponding air temperatures. 

On the west shore of Lake Michigan the difference between 
land and lake temperatures is greatest in June and July, 
when it amounts to about 8° at Chicago, over 10° at Mil- 
waukee, and about 6° at the Straits of Mackinaw. The dif- 
ference diminishes steadily until October, when the water is 
warmer than the air at the Straits of Mackinaw, but still 
colder than the air over the southern and central portions of 
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Fic. 1.—Prevailing winds of the Lake region at different seasons. 


to the northward of the Lake region. The movement of the 
northern portion of the respective highs is a trifle faster than 
that of the southern portion, and the longer axis of the high 
therefore assumes a north-northeast to south-southwest direc- 
tion, which, it may be recalled, produces a steady northeast 
wind over the Lake region, and this wind will continue day 
and night so long as the pressure distribution is favorable. 
The lake wind, on the other hand, is the result of diurnal 
changes in temperature coupled with favorable pressure dis- 
tribution, as will be explained in the following paragraphs. 

In Table 3 is given the average difference between the sur- 
face air and water temperatures at several stations along the 
Great Lakes. The period of observation was about five years 
in length, and the temperatures of both air and water were 
observed at the same moment of time. 

These data show that the greatest differences between air 
and water temperatures are found along Lake Superior, where 
they amount to about 10° on the average for the months of 
May to July, inclusive, diminishing to about half that amount 


the lake. In November the surface waters at Milwaukee are 
warmer than the air, while at Chicago they are nearly equal. 

At Grand Haven, on the east shore, the surface waters from 
May to October appear to be a little warmer than the air; 
The observations were made, however, in the river rather 
than along the lake shore, and they may not accurately repre- 
sent the temperature of the lake waters; nevertheless there 
does not appear to be any doubt as to the main fact shown by 
these observations, viz, that the water along the eastern shore 
is warmer than it is along the western shore. 

The observations for Lake Huron were made at Alpena, a 
station on Thunder Bay. The differences here are uniformly 
small, perhaps due to poor circulation of water between the 
bay and the lake. 

On Lake Erie there is a difference of about 5° during April, 
May, and June between the temperature of the air and 
the water along the shore, judging from the observa- 
tions at Cleveland. For July, August, and September the 
air and lake temperatures are nearly the same, but in October 
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the compass (by the hourly records of self registers. ) 

a 
s © > > = 
Sie le lz = 

| 
N. 8) 8/10) 7/11/11) 10/12 10 
NE....| 8 | 14/25 | 44 | 88 | 28 | 21 | 20 | 20 | 19 | 10 2 
E....... 6| 14) 18/17/23 /14/19/13/ 9| & 12 
2] 4] 4] 2 2} 8 
Duluth, Minn.t........ | 6| 1/ 8/ 8 5| 8 
(5 years, 1891-1995.) [SW 19/14) 4/ 6 10/43/19) 12 20 23) 14 
W....., 16) 16/ 9) 4) 9/11/12) 9) 11/15) 16 21) 12 
NW... 25 | 18 | 13| 11 | 14| 21 | 18 | 24 | 22 23 20 
(N....| 9/15) 18/17 | 9) 9 | 6) 12 
NE..... 2) 6 11) 18/11| 9/11/12| 8) 8) 6 4| 8 
E.. 2/ 4] 7] 6] 6] 4) 8) 2 2] 4 
6| 9| 9/00/12) 8 6) 9 
Marquette, Mich....... 16 | 9/12) 10/| 10| 10/ 10 10 | 16 | 17 | 16 13 
(10 years, 1894-1908.) | SW... 14 | 12) 10 7/10 | 11 20/15/16 17° 18 
NW... 29 | 31 | 26 | 27 | 29 25 | 24/ 20/ 21/21 | 24 25 25 
Calm..| © JV 
| 8) 5/10) 12/13) 8) 8) 8) 6) 4) 
NE....| 6| 7/17 a1) 23) 20/19/17) 11) 6 5) 
E....... 2} 7 9) 5 2| 7 
SK...... 9| 8| 6| 4 7 
(10 years, 1894-1908.) |SW..... 11/11) 9) 4) 4) 5) 7) 8/00) 7/12 8 
8 9/12) 14/15/18 80 32) 18 
NW... 25) 246/21) 21/18/16) 17/19/19 28 25) 
Calm 18) 11 12/ 18/ 16/15/14) 12/18) 12) 

(NM... 9/ 9/12 17) 22 
NE..... 6| 9| 6| 6| 6| & 6] 7 
16) 16 15 | 18) 13 18) 18 23) 16 
SE .. 6) 7) 12/13/12 11) 9 
Parry Sound, Ont...... 48......| | 10 | 9/7; 9; 8| 9 4) 8 
(10 years, 1894-1908.) | SW . 8) 11/12 9) 
W....., 17 | 24) 23) 22 | 26 30/27/29) 2/19/18 17) 22 
NW. | 9/1) 9/11) 8/ 6] 9 
Calm.| 6) 6) 5) 6) 7/6) 3/2 
NE..... 5) 7) 18) 21) 19/16/1312) 9) 7) 56 6) II 
2/3 14/12/12) 9; 7) 8 2] 7 
SE. | 33 18 | 18 20 | 20 | 20 | 47 7 6) 
(5 years, 1891-1895.) | SW.... 15/16 | 16/10/15 12/17) 17/19/19 | 
W.....) 26/26) 14) 8) 11) 12) 11) 9/10 22) 5 
NW 28/26) 18/18/10) 8/41 | 14) 20/23 28) 17 
Calm..| 2) 2] 32] 1] 0} © 

| | | | 
NE. 7) 9/16) 25 24) 25/23/24 15/13/10 7) 17 
| 8| 9| 7/10/20) 8| 8 7 
6) 5 4 9 
Chicago, Ml............ (15) 6 18 11 12/21 / 19 20 15) 15 
(10 years, 1804-1908.) ... 17/18/14) 10/16) 15 18 | 17 | 17/16/17 2 16 
28/26) 9) 9 | 12 15/17 23) 15 
NW.../ 17/9/14) 6) 6) 6 

| | | 
9 7) 4/10 3 10 10 9 
SE.....| 16) 9 14 | 16 | 15 12 | 7/10 16/17 6 6) 14 
Grand Haven, Mich.¢..{8....... 6/10) 6| 9| 7| 6| 6| 4,6 7 
(5 years, 1891-1895.) (SW... 15/19 15/16 | 29 24 | 24/23) 27/16 19 
| 10 | 11 7/11/19/18| 9) 8 10 
17 | 14/ 18 | 21/16/20 15) 18 

| 

6) 7/12/12) 18 9/7/11) 5) 6| 5| 8 
NE..... 4) 8| 9] 8| 7 4| 4 5 5| & 
8) 7) 7) 97) 16) 10) 7) 8) 7 4 6| 8 
SE....) 9/14/21) 24 29 | 25 | | 21 | 17 8 6) 17 
Alpena, Mich.t.........48...... 9) 7) 6) 9| 8) 12/11/16 12| 9 
5 years, 1891-1895.) |SW... 12/11/10 4| 7) 10/41/16) 18/20 2 | 13 
84/25 11) 42) 18) 12/17) 16 26) 18 
NW... 17 23/25 15/17/26 | 22) 18/23 21 20 
Calm...) 2 1) 1) 14 

N. 9 9/10) 10, 8 7| 9 
NE....| 9/12 / 19/20/17) 16/14) 18/12/18) 7 | 14 
6| 12/12] 9/11) 7] 8} 3 3| 8 
6) 4) 7) 8] 6] 6] 7 4) 6 
Detroit, Mieh.......... | 9) 5) 7) 6) 8) 8) 7/10) 10/ 8 
(10 years, 1894-1908.) [SW 29/27 21/17/24 26 | 25/30 36 26 
18 | 16 | 16 12) 15 | 16 22 17 
NW...) 12/15) 11) 8) 9) 10/10/11) 13 

st el si sl el al 
E...... 10) 12/18/12) 8| 7/10| 8 8 10 
Buffalo, N. ¥.......... {8......,20| 9) 9| 8] 9) 10/15/13 12 10 
(10 years, 1894-1908.) [SW ... 20 23 21 24 | 31/30/25 24/21 20 22) 24 
W.... | 90 | 82 24/ 19 | | 296 | 22/21 | 19| 26 25 
NW... 14/12) 10) 9| 7| 8) 9/13/15 12/ 10 
| | 


+ Unfortunately the detailed records from a self-registers at these stations were not tabulated 
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TABLE 2.—Percentage of westerly and easterly winds in the Lake region. 
(From ‘ Table 1. ) 


Station and direction. | Winter, Spring. Summer. | Autumn. Year. 

St. Paul, Minn.: | % 

Westerly 57 40 42 44 46 

26 39 34 32 33 
Duluth, Minn.: 

18 | 55 44 30 37 
Marquette, Mich.: 

66 45 47 55 53 

Milwaukee, Wis.: } | 

Weste rly reper 38 35 | 52 48 

17 45 45 24 33 
Chicago, Ill 

59 33 33 43 42 

Easterly ......2.....-000. 18 40 | 46 27 33 
Grand Haven, Mich 

48 45 58 48 50 

35 38 26 33 
Alpena, Mich 

cl 41 44 57 51 

18 40 40 25 31 
Detroit, Mich | 

67 45 49 56 

18 38 33 28 
Buffalo, N. Y.: 

Lee 65 55 62 56 | 59 

20 28 21 23 23 


(Averages of about five years.) 
(“ +’ =air warmer than water; = water warmer than air.) 


Station. March, April. | 3 May. | June. | | July. uy. |Augut “ber. 
Duluth ...... +12.8 + 9.7 2, 404) —7.2 
+92) 4122) 4105) 46.4) 46.6) 41.3) 
Lake Michigan: | } | 
+64) +4+9.3) $12.3) +65 41.8) —21 
+3.5) + 7.5) +84) 438 +2.2) +404 
Grane Havea| +1.8) 41.4) — — 2.7 —04/-0.1) +09 
Lake Huron: | 
Lake Erie: | | 
Cleveland ...|........ +6.0) +49) 460.9) 40.8) +1.8/ —0.4 -2.4 
+ 4.9) +32 0.2) —1.6 
! 


Bu ffalo . +3.7 


and November the lake water is somewhat warmer than the 
air. Observations made at Sandusky and Toledo both show 
less variation than at Cleveland, but, as at Alpena, the differ- 
ence may be ascribed to local causes. 

All water temperatures here mentioned refer to the tem- 
perature as determined along the shore, generally in shallow 
water. The temperature of the surface water in mid-lake is 
known to be considerably lower, especially on Lake Superior. 

Since the surface layers of air over the Great Lakes take 
their temperature largely from that of the water with which 
they are immediately in contact, there must be a comparatively 
shallow body of relatively cold air overlying each of the larger 
lakes, corresponding to the area of low water temperature in 
mid-lake. The central portion of this mass of cooler air, in 
the absence of strong pressure gradients, must be a region of 
calms or light airs, while the air near shore, being subject to 
the control exercised by the diurnal contrasts in temperature 
over the land, the latter being greater than over the lake, 
must tend to move from the lake toward the land in response 
to the gradient. The winds thus created are known as lake 
winds. They arise mostly in the forenoon hours of tranquil 
summer days and continue for a few hours after sunset, when 
they shiit to a land quarter. 

The lake winds thus described are confined mostly to the 
west shore of Lake Michigan, where it may be remembered 
the prevailing wind at land stations is in a contrary direction, 
viz, from southwest to south. 

The temperature gradients that will produce an easterly 
wind on the western shore of Lake Michigan, on the hypothesis 
of a region of relatively cool air in mid-lake, will produce a 
westerly wind along the east shore of the lake, and this local 
and temporary influence, uniting with the forces which main- 
tain the general circulation of the atmosphere in the latitudes 
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of the Lake region, will cause an excess of westerly winds 
along the eastern shore as compared with the western shore. 
(Compare the summer winds at Milwaukee and Grand Haven, 
Table 2. See also the record for Parry Sound.) 

The winds of summer.—In summer the prevailing winds of 
the Lake region are southwest to south, except on Lake Supe- 
rior, where the direction seems to be controlled by local causes. 
The northeast winds of spring along the northwest shore of 
that lake from Duluth to Port Arthur continue well into the 
summer. The winds along the south shore are generally 
northwest. 

The southerly winds of the lower Mississippi Valley appar- 
ently divide into two branches in late spring, one branch form- 
ing the southeast winds of summer in the Missouri Valley and 
the Plains, the other the southwest winds of the Ohio Valley 
and the lower Lakes. 

The temperature of the surface waters of the Great Lakes 
reaches a maximum on lakes Erie and Ontario in July; on the 
larger lakes, Michigan, Huron, and Superior, the maximum is 
deferred until August. The closest agreement between air 
and water temperatures occurs in October. 

The winds of autumn.—The autumn, as a whole, is a season 
of diminished temperature contrasts between land and lake 
surfaces, respectively, and accordingly we find that the lakes 
exert the minimum effect upon the direction of the winds at 
this season of the year. In autumn southerly winds reach 
their farthest northing, extending well into the Lake Superior 
region and the Province of Cntario to the northward. In 
November there is a sharp change in the direction of the wind 
in northern Wisconsin and the upper portion of the Lower 
Michigan Peninsula. In this territory northwesterly winds 
gain the ascendancy and maintain it thruout the winter. In 
the southern portion of the Lake region the winds in November 
become westerly and hold that direction until the succeeding 
spring. 

One other point remains to be mentioned, viz, the probable 
effect of the contour of the several lake basins on the direction 
ofthe wind. The tendency of the surface winds to follow the 
course of a valley is well known. The lower Lakes, together 
with their connecting rivers, form a great shallow depression, 
which, on account of the diminished friction afforded by the 
water surfaces, must provide an easy path for the winds—a path, 
moreover, which it seems probable all winds between west and 
north follow unless compelled by strong pressure and tempera- 
ture gradients to cross the lakes obliquely. 

The average hourly velocity.—The average hourly velocity of 
the wind in the Lake region on the mean of the year is about 
10 miles an hour. The wind velocity during the twenty-four 
hours is not constant, but increases from a minimum in the 
early morning to a maximum in the afternoon at about the 
same time that the maximum temperature occurs; indeed the 
resemblance between the curves showing the daily march of 
the temperature and the daily increase in the wind velocity is 
quite marked. 

The wind in autumn and winter is above the daily average 
about eight hours out of the twenty-four and below the re- 
mainder of the time. In spring and summer it is above the 
daily average about ten hours out of the twenty-four and below 
the remaining fourteen hours. 

The periodic diurnal range of the velocity of the wind is 
least in winter and greatest in spring and summer; thus the 
average range at six stations for January is 2 miles; for April 
4.5 miles; for July 4.6 miles; and for October 3.4 miles. An- 
other way of expressing this fact is to say that the winds of 
winter are steadier than those of spring and summer in the 
sense that the day and night winds are nearly equal in force. 
In the summer the winds of the nighttime fall as much as 4 
or 5 a an hour, on the average, below those of the afternoon. 
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The diurnal period of the winds at Marquette and Cleveland 
differs from that of other stations in that the daily minimum 
falls in the early evening hours instead of the early morning 
hours. At Marquette the minimum wind force of the day is 
experienced at about 5 p. m. in January; 9 p. m. in April; 8 
p- m.in July; and 6 p. m.in October. At Cleveland the mini- 
mum occurs at 6 p. m. in January; at 7 p. m. in April; at 8 
p. m. in July; and at 6 p. m. in October. The Marquette sta- 
tion also shows a prominent increase from the evening mini- 
mum to the secondary maximum in the early morning hours, 
a feature not generally observed elsewhere. The early mini- 
mum at Marquette is well marked, the average difference 
between it and the morning secondary minimum in July being 
about 3 miles. Its cause is not clearly understood. 

The wind velocities given in Table 4 are subject to a cor- 
rection for the varying altitude of the anemometers above the 
surface of the ground. In general, the greater the height the 
greater the velocity, other things being equal, but thus far no 
satisfactory correction for altitude has been determined. 
TABLE 4.—Average hourly wind velocity in the Lake region, in miles and 

tenths per hour. 
(For the period 1891-95. ) 


| January. | April. July. October. Year. 
Station. gis Siz 
Big Pid 
Sieg S SE SS 
St. Paul, Minn......... 8.7 7,411.5) 7.1 8.9 9.3 4.4) 6,510.4 6.4 7.9 9.9 6.1) 7.6 
Marquette, Mich ...... 10.7 8.810.012.6 7.5 9 710.5 6.3 8.613.510.411.711.8 8 610.2 
Chicago, Til............ 18.9 16.317. 720.917.618.915. 5 12. 3.14.0 18.916. 417, 4 18, 616,517.38 
Detroit, Mich ......... 13.110.411.814.5 9.811.712.2 6.9 8.913,8 9.911.318.4 9.4109 
Clevelond, Ohio ....... 13.111.612.313.9 9.711.311.8 7.7 9.514. 311.213.018.710. 411.9 
Buffalo, N.Y ......... 14.8 12.913.813,1 8.810.512.7 6.9 9.413,910.712.113.410. 211.4 


The significance of the figures of wind velocities, given in 
Table 4, is as follows: In the column headed “ highest” the 
figures represent the average for that one of the afternoon 
hours which gives the highest value; and, conversely, the 
figures under the column headed “ lowest” express the aver- 
age for that one of the night hours which gives the lowest 
value. The values under the column headed “ mean ” are the 
arithmetical means of all of the hourly readings in the month, 
744 in the case of a 31-day month, ete. 

The elevations of the anemometers above the ground dur- 
ing the period of observations, 1891-95, were as follows: 


Height above 
Station. ground Subsequent changes. 
: Jan. 1, 1891. 
| | 
Feet. 
00.0000 108 Increased to 123 feet October 7, 1895. 
272 Increased to 274 feet October 15, 1892. 
Cleveland, Ohio .................- 103 Increased to 130 feet April 3, 1892. 
Detroit, Mich............. _— eT 158 Increased to 161 feet July 31, 1891. 
Marquette, Mich ............+.000 95 No change. 


The wind movement is greatest on the average in spring and 
autumn, altho high single velocities, or squall winds, may oc- 
cur in any month of the year. Table 5 contains a list of high 
wind velocities recorded in the Lake region within the season 
of navigation during the last thirty-six years. 

High winds in the Lake region—A cursory examination of 
Table 5 brings out the important fact that the storm winds of 
the Great Lakes, for a single season, are largely sporadic, and 
in general not confined to any particular quarter, altho, as a 
rule, westerly winds predominate. The storms which produce 
high winds in the Lake region may be divided into three main 
groups. In the first group may be included all storms whose 
centers move eastward north of Lake Superior; in the second 
may be included storms which approach the Lake region from 
the south or southwest, or whose centers approach from the 
west, but south of Lake Superior; and, finally, in the last group 
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TABLE 5.—Mazimum wind velocities (in miles per hour) in the Lake region during season of navigation. 
April. May. June. July. August. | September. October. | November. 
Station 
gd 
Lake Superior. | | |_| | Pre 
Duluth (1871-06).... 60 mw, 1877 20 60 ne. | 1877 20 63 ne. 1994) 3 48 nw. 1897* 2 51 mw. 1904 19 78 ne. 1881 16 55) ne. | 1896 30 70 nw. 1905 24 
Marquette (1871-06) 49 w. 1891 30 52 se. | 1896 25 45 se. 1899 13 68 sw. 1901 2 48 sw. 1890 2/ 61) s. 1893 | 21 | 48 | sw. | 1905 7 48 sw. | 1894 14 
1888-08) 60 se. 1893 20 | se. | 1892 18 45 now. 1898; 1 42 nw. 1898 28 50 29/56 nw. 1904 30 50 nw. 1893 14 52 1896 18 
ake Michigan. 
Milwaukee 171-06) 54 sw. 1878 10 49) se. | 1896 25, 60 sw. 1880, 4 6 sw. 1874 24 52 w 1896 9 48\w. 1890 20 | 60 | sw. 1880 16 55 se. | 1906 1 
Chicago (1871-06)... 72 ne. 2 62 e. 1804 18 | 72 mow. 1892/13 72 w. | 1897 5 72 sw. | 1898 16) 72 sw. 1900 11 63 se. | 1898 19 76) s. 1898 7 
Escanaba (1871-06). 48 n 1878" 10 40 w. | 1906 31 #0 1876 | 18 37 now. 1901 2 4 o 1875 20 46 w. 1906 11 45 sw 1880 16 60 n. 1877 8 
Lake Huron. 
Alpena (1873-06)... 49 nw. 1893 4 44 nw. 1905 9 48 w. 1881/13 60 sw. 1875 15 41 mw.| 1901 29 48 w. 1884 10 52 /¢ (1905 20 50 sw.| 1874 5 
) 60 sw. 1893 13 | sw. 1896 (17 52 w. 1898/12 56 on. 1879 11 52 n 1896 8 46 sw. 1900% 11 54 sw. | 1887 24 58 sw. | 1894 26 
troit River. 
72 ne. 1893 20 74 1893 2 60 nw. 1890/17 54 1893 7 40 sw. 1904 20 43 sw. 1900 11 61 nw. 1891 31 76 sw. 1895 26 
Lake Brie. | } | | 
Toledo (1871-06).... 60 w 1892 (5 | 52 e 1882 6 530 w 1888 | 13 49 nw. 1892 24 45 ne. | 1875 1 60s. 1898 24 60 w. | 1906 27 68 sw. 1906 21 
Sandusky (1877-06). 52| nw. 1880 19/46 nw.| 1878 10 57 nw. 1882/29 69 1879 11 63 ne. | 1885 | 9 | 52) mw. 1897 16 | 54) mn. | 1885 | 29 62 1879 20 
Cleveland (1871-06). 60 1901 20 1905* 11 60 nw. 1898/12 66 w. 1896 26 58 nw. 1896 10 66 nw. 1897 16 62 nw.| 1894 11 73 8. «1895 26 
Erie (1873-06)...... 60 se. 1894 10 60 s | 1875 .... w 1899| 7 586 w. 1876 .... 40 w. | 1895 28 | 45/ sw. 1895 12/48 | w. | 1887 | 24, 54 1891 25 
Buffalo (1871-06) ... 57 sw. 1897 20 58 sw. | 1884 2 56 sw. 1893/11 60 sw. 1876 5 58 sw. 194 20/78 w. 1900 12 75 | sw. | 1906 28 80 w. | 1900 21 
Lake Ontario 
Oswego (1871-06)... 54 se 1898 | 20/40 se, | 1894 20 36 ne 1885| 5 38 m. 1888 SI n | | 29 aw 1892 26 56 | se. 1898 | 14 48 w. | 19008 21 
| | 


* Also other years. 


may be included storms which occasionally move northward 
along the Atlantic coast, increasing in energy as they reach 
higher latitudes, and frequently curving inland over the eastern 
portion of the Middle Atlantic States, as on November 13, 1904. 

The storms of the first group are by far the most numerous 
and the least dangerous. The storms of the second group are 
not so numerous as those of the first, but they are generally 
attended by dangerous winds, at least over some portion of 
the Lake region. Storms of the third group rarely affect the 
upper lakes, but they cause dangerous winds over lakes Erie 
and Ontario. 

Rarely does it happen that a storm, no matter to which of 
the above-mentioned groups it may belong, is equally severe 
in all portions of the Lake region. In the summer season, 
however, thunderstorms may prevail over the entire Lake 
region on the same day. 


INFLUENCE OF VEGETATION IN CAUSING RAIN. 


The following correspondence is published as a matter of 
interest to many readers: 

Allow me to ask your valued opinion on the following matter: Admitting 
two clouds equally saturated with humidity to hang above two soils, the 
one teeming with luxuriant vegetation, the other barren and naked, 
parched by the sun, exuding heat, is the probability greater or not of 
the cloud in the first instance discharging itself in rain? Or, in other 
words, do the trees and the greater humidity of the one soil exercise no 
influence whatever in attracting rain? 

* * * You assume two clouds hanging above two dif- 
ferent regions, in one of which the soil has a luxuriant vege- 
tation, while the other is barren, naked, and hot; and you ask 
whether the soil or the vegetation has any influence in “ at- 
tracting rain”. 

If the clouds were low down, close to the soil, the warm, 
hot soil would doubtless contribute a little heat to evaporate 
the cloud particles and prevent rain, and by thus giving the 
cloud greater buoyancy the latter might rise a little higher. 
But neither the wet soil nor the dry soil would be likely to 
cause any rain. 

If you have in mind the ordinary cumulus cloud, which 
is several thousand feet above the ground, then dry soils 
and moist soils would have no influence whatever upon the 
clouds, unless the areas of these dry and wet regions were 
extensive, such as a hundred miles square, in which case the 
great mass of warm, dry air would prevent the formation of 
rain, while on the other hand the mass of warm, moist air 
would not prevent rain, but would be helpful in case other 
circumstances conspired. 


Neither dry land nor vegetation has any power whatever to 
“attract rain” from the clouds. If the raindrops are in the 
clouds they will fall toward the ground by the attraction of 
gravitation—not by any special attractive power of trees or 
soils. They will undoubtedly begin to fall in the clouds as 
soon as they are formed, and the fundamental question is, 
“How can we make the cloud particles join together into 
raindrops?” and not, “ How can we attract the drops out of 
the cloud?” So far as meteorologists know at the present 
time the only place in which raindrops are formed in the warm 
climates of the globe, or warm seasons of the year, is in the 
midst of a rapid, ascending current of air. And if you notice 
that rain falls over a wet svil, rather than over a dry one, 
you will undoubtedly find that there are ascending currents 
of air over the wet soil, and descending currents over the dry 
soil. A descending current warms the air and prevents the 
formation of raindrops just as truly as an ascending current 
cools the air and favors the formation. 

It is not worth while to appeal to electrical attraction or 
any other principle in physics, except the cooling by ascent 
and the mixing of air currents in cloudy regions where tem- 
peratures are but little above freezing. 

Altho we do not know the exact details of the method of 
forming raindrops, as distinguished from fine cloud particles, 
yet it is safe to say that ascending and mixing are the im- 
portant items, and that when once formed the drops will fall 
toward the ground. On their way down thru a stratum of 
very hot, dry air they may evaporate, so that the observer 
sees the streaks of falling rain, but gets none. In such 
cases the moist soil is favorable to the preservation of the 
raindrops as such, but we can not say that it attracts them 
from the cloud. This is quite an ordinary case in dry coun- 
tries. In these cases the moisture is brought from a great 
distance—a hundred or a thousand miles—by currents of air 
that are slowly rising and rolling over and over on themselves. 
The upper part of the roll makes a cloud, the lower part is 
clear air. Raindrops are formed either slightly at nighttime, 
when the top of the cloud cools down in the absence of sun- 
shine, or more freely in the daytime, when the vertical extent 
of the roll is greatly increased by the sun’s heat. If in the 
daytime the overturning extends from sea level upward, then 
enough moisture is carried up to form a thunderstorm. 

I do not see how man can possibly exert any appreciable 
influence on the formation of rain in your region. The forces 
involved in this atmospheric overturning, even in the smallest 
thunderstorm, are enormous. More energy is involved than 
is represented by all the steam engines in the world. The 


aa 


Novemser, 1907. 


best that can be done is to save the water that falls in wet 
regions and use it to irrigate in dry. An alternative method 
is to shade the dry regions from the midday heat and wind, 
so as to diminish the loss of moisture by evaporation. 


WEATHER BUREAU MEN AS EDUCATORS. 


In the Department of Agriculture number of the Vermont 
Bulletin, the official publication of the University of Vermont 
and State Agricultural College, we find the following synopsis 
of the courses in meteorology given by Mr. W. H. Alexander, 
local forecaster, Burlington, Vt.: 


1. Elementary Meteorology: The atmosphere; its moisture; dew; 
frost; haze; fog; clouds; precipitation; winds; cyclones; thunderstorms; 
climate; weather; weather bureaus. The use of ordinary meteorologi- 
eal instruments; observations; the construction and study of weather 
maps. Lectures, recitations, laboratory. lective, one hour, Junior or 
Senior, second half. 

2. Advanced Meteorology.—-Theories relative to various meteorologi- 
cal phenomena; the law of storms; application of the principles of mete- 
orology to the interpretation of climates; climate as a factor in social 
and economic problems. Discussion of charts, diagrams, photographs; 
conduct of a series of meteorological observations; weather forecasting. 
Lectures, theses, laboratory. Elective, two hours, Junior or Senior, first half. 


Mr. M. L. Fuller, observer, Canton, N. Y., reports that in the 
new State Agricultural School of St. Lawrence University he 
is to give considerable instruction. It is intended to introduce 
lectures on climatology and the work of the Weather Bureau 
early in the course, and to make the instruction in these lines 
as extensive as practicable. 


Mr. George Reeder, section director, Columbia, Mo., reports 
that he has been appointed lecturer on climatology at the 
University of Missouri. 


Mr. G. N. Salisbury, section director, Seattle, Wash., re- 
ports that his regular course of instruction in practical 
meteorology at the State University was given to a class of 
7, and consisted of a series of 14 lessons of two to three hours 
each, extending from October 11, 1906, to January 24, 1907. 
The work comprised impromptu talks, quizzes, and laboratory 
work, which embraced observations, and the drawing and 
study of weather maps. 

On June 26, 1907, instruction in elementary meteorology was 
begun with a class of 10 at the summer school of the university. 
The course comprised 16 lessons of two hours each, three times 
a week. Davis's Elementary Meteorology was used as a text- 
book, and was supplemented by talks and laboratory work. 


Mr. A. H. Thiessen, section director, Raleigh, N. C., reports 
that the president of the Agricultural and Mechanical Col- 
lege, at West Raleigh, has authorized the expenditure of $50 
for lantern slides to be used in giving instruction in meteor- 
ology and climatology to the students of that college. There 
seems to be an increasing desire on the part of the students 
to take up this study. 


Mr. J. R. Weeks, local forecaster, Binghamton, N. Y., re- 
ports that on July 25 he had the pleasure of visiting Mr. 
DeLancy M. Ellis, Chief of the Division of Visual Instruction, 
New York State Department of Education, at his office in the 
Capitol at Albany. This division has charge of the work in 
the schools of the State relating to the use of lantern slides, 
pictures, photographs, etc., as a means of instruction. Until 
recently, however, no attempt was made to furnish material 
of this nature for use in physical geography classes, and the 
views used were of descriptive geography or of a general na- 
ture,a collection of over 25,000 selected negatives having 
been made from which sets of beautiful colored slides for use 
in the stereopticon are issued to the schools, about $20,000 
being spent yearly by the State for the purpose. 
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But now, in addition to the lecture entitled “The weather, 
what it is and how it is observed and forecast’, which, be- 
ginning with February last, has been loaned free to such 
schools as request it, by cooperation between the United 
States Weather Bureau and the New York State Department 
of Education, Division of Visual Instruction, Mr. Ellis is now 
selecting the negatives and having prepared in his office a 
beautiful set of colored slides illustrating four divisions of 
physical geography study—the earth as a globe, the atmos- 
phere, the geosphere, and the hydrosphere. The entire 
series, containing, when completed, several hundred views, 
will be reproduced in large numbers and the dupiicates de- 
posited in many of the public high schools of the State for perma- 
nent use. These stereopticon views are not intended for lec- 
tures simply, but are to take the-place of wall maps, charts, and 
pictures for daily class room use. For instance, in looking 
over the nucleus of the collection Mr. Weeks was shown a 
number of beautiful colored photographic reproductions, in 
the form of lantern slides, of the charts of isotherms, isobars, 
rainfall, etc., for the world, found in Bartholomew's Physical 
Atlas, permission to make them having been kindly granted 
by the publishers. These, like most weather maps and. 
charts, are too complicated and rich in detail for ordinary 
lecture use, but are unexcelled for daily class room study. 
Publications of the U. S. Weather Bureau, Davis’s Meteor- 
ology, Hann’s Lehrbuch, etc., have also been freely drawn 
upon for reliable diagrams and charts, and striking views 
showing contrasts of weather influence on humanity and on 
vegetation have been selected from the best collections of 
many travellers. Helpful pamphlets are to accompany the 
series, and Mr. Ellis expects to visit many of the schools 
in the interest of this work. 

In regard to public lectures and reviews, Mr. Ellis said 
that enthusiastic letters had been received by him from users 
of the Weather Bureau lecture, and that it is desired to con- 
tinue permanently the plan adopted this year and approved 
by the Chief of Bureau. 

Mr. Weeks further reports that this lecture, prepared by 
himself, entitled “The weather, what it is and how it is ob- 
served and forecast”, continues in great demand, requests 
for it coming not only from all parts of New York, but from 
Nebraska and other States, so that the use of text and slides 
is usually arranged for several weeks in the future. 


The following lectures and addresses by Weather Bureau 
men have been reported: 

Mr. George 8S. Bliss, of the Philadelphia, Pa., office, March 
20, 1907, before the physics class at George School, Pa., on 
“The work of the Weather Bureau”; May 2, 1907, at Darling- 
ton Seminary, West Chester, Pa., on “The causes and con- 
trolling forces of storms”; also June 22, 1907, before the 
Brandywine Grange, at West Chester, Pa., on “Methods of 
weather forecasting ”’. 

Mr. M. E. Blystone, October 2, 1907, before the Men’s Club 
of the Trinity Union Methodist Episcopal Church at Provi- 
dence, R. L.; October 15, 1907, before the Men’s Club of the 
Episcopal Church at Pontiac, R. I.; also October 16, 1907, be- 
fore the Men’s Club of the Broadway Baptist Church of 
Providence, R. L., on “ Weather forecasts ”. 

Mr. W. T. Blythe, of the Indianapolis, Ind., office, October 
30, 1907, before the Young Men’s Christian Association at 
Peru, Ind., on “Meteorology and the work of the U. 8. 
Weather Bureau ”. 

Prof. H. J. Cox, April 9, 1907, before the Chicago Yacht 
Owner’s Association, on “‘ Wind squalls”; also August 13, 1907, 
before the Wisconsin Cranberry Growers’ Association, at Cran- 
moor, Wis., on “Temperature and frost conditions in cran- 
berry marshes ”. 

Mr. H. W. Richardson, October 23, 1907, before the Ladies’ 
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Guild, Holy Apostles Episcopal Church, West Duluth, Minn., 
on “The U. S. Weather Bureau and its work’’; also Novem- 
ber 30, 1907, before the Saturday Club, at the Duluth Carnegie 
Library Building, on “The Weather Bureau ”. 

Mr. M. R. Sanford, August 9, 1907, before the summer 
school of Syracuse University, on “The work of the Weather 
Bureau ”’. 

Mr. R. H. Sullivan, November 21, 1907, before the Wichita, 
Kans., Chamber of Commerce, on “The work of the Weather 
Bureau and its relation to public interests ”. 

Mr. J. F. Voorhees, of the Knoxville, Tenn., office, October 
10, 1907, before the Farragut School, Concord, Tenn., on 
“ How forecasts are made and distributed ”. 

Mr. E. C. Vose, November 15, 1907, before the physical 
geography class of the Concord, N. H., High School, on 
“The work and usefulness of the Weather Bureau”. 

Classes from universities, colleges, schools, and academies 
have visited Weather Bureau offices to study the instruments 
and equipment and receive informal instruction, as reported 
from the following stations: 

Albany, N. Y., June 8, 1907, the physical geography class 
from the La Salle Institute of Troy; also November 14, 1907, 
a class from the Teachers’ Training School of Albany; also 
November 23, 1907, the physical geography class from the 
Union School; Rhinebeck, N. Y. 

Baker City, Oreg., October 30, 1907, the class in physical 
geography from the local high school. 

Dubuque, Iowa, October 18, 1907, the sixth grade pupils of 
the Prescott School; also October 25, 1907, the sixth and 
seventh grade pupils of the Jackson School. 

Duluth, Minn., July 23, 1907, a class from the Superior, 
Wis., State Normal School; also July 25, 1907, a class from 
the Duluth State Normal School. 

Huron, 8S. Dak., July 25, 1907, a class from the summer 
school of Huron College. 

Los Angeles, Cal., October 15, 16, and 30, 1907, the physical 
geography class of the Hollywood, Cal., high school, in three 
sections. 

Philadelphia, Pa., March 14 and 16, 1907, classes from the 
Pennsylvania State University. 

Salt Lake City, Utah, September 16, 1907, a class from La- 
fayette school. 

Seattle, Wash., November 14, 1906, a class in physical geo- 
graphy from Ballard High School; January 11, 1907, a class 
in physical geography from the Franklin High School; April 
19 and 24, classes in physical geography, and April 30 a class 
in elementary meteorology from the Seattle High School. 

Syracuse, N. Y., July 19, 1907, the class in physical geogra- 
phy from the summer school of Syracuse University. 


A UNIVERSAL SEISMOGRAPH FOR HORIZONTAL MO- 
TION AND NOTES ON THE REQUIREMENTS THAT 


MUST BE SATISFIED.' 
By C. F. Marvinx, Professor of Meteorology. 


If we try to analyze and represent graphically the move- 
ments of the ground, such as result from seismic activity of 
different kinds and under different conditions, we find that we 
—s several different diagrams, something like those shown 
in fig. 1. 

At 1 are represented the minute motions of the ground, 
of small magnitude and short duration, such as might be 
produced by the passage of a heavy car or train; this might 
even represent aslight shock from a nearby local earthquake, 
of sufficient intensity to attract the attention of a few people, 
one that would be recorded by a seismograph of high magnifi- 

'The substance of this paper was presented at the Chicago meeting 
— — Association for the Advancement of Science, December 
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cation, as little more than a mere thickening of the line of the 
recording stylus or photographic trace. The short transverse 
dashes along the line are intended to mark the minutes of time, 
and the same time scale is used in the succeeding diagrams. 


oA 


Fie. 1.—Diagrams of different species of ground vibrations. 


At 2 we attempt to show, in relative characteristics, a 
destructive earthquake—such for example, as the earthquake 
in California in 1906. The time scale is too short to give more 
than a very general idea of the motion. A multitude of wave 
vibrations of short period and of great amplitude, as compared 
with those in 1, are crowded into a short period of time. 
Practically no details can be made out from such a record as this. 

Finally at 3, with continuations of the record at a, b, c, and 
d, for lack of adequate length in a single line, we show the 
kind of record that will be obtained at a distance of 1000 
miles or more from the origin of any great disturbance. As 
already stated, the time scales are the same thruout the several 
records, and the amplitudes may be taken to be half size, at 
least for the larger waves. The smallest tremors are of very 
great importance in seismic records, and these are greatly 
exaggerated in the diagrams simply to make them apparent 
under the scale adopted in the figure. 

The three diagrams thus described represent what we may 
regard as the three limiting classes of shocks. It is plain that 
one class merges imperceptibly into the other in proportion 
to the intensity of the disturbance and the distance from the 
origin at which the record is made. Such diagrams as these 
may be regarded as representative of one of the two compo- 
nents of horizontal motion, whereas a third set is necessary 
for the vertical motion, and, in some cases, there may be tilt- 
ing and twisting motions, all of which require careful con- 
sideration. 

The problem presented to the instrumental seismologist is 
to devise and design an instrument or instruments that will 
record these several degrees of motions in a satisfactory man- 
ner. It would be of great interest, at this point, to describe 
the more important seismographs now in extensive use to meet 
this demand. To do so, however, even in the briefest manner, 
would require much more time and space than are available, 
and it seems best to pass at once to the description of the new 
forms, recognizing that the present work marks, perhaps, only 
a step in the evolution and development of the seismograph 
toward which so much has been already contributed by Zoell- 
ner, Ewing, Milne, Gray, Vicentini, von Rebeur-Paschwitz, 
Omori, Wiechert, Galitzin, and many others. 

It may fairly be said that at the present time none of the 
existing instruments are adapted to register all kinds of earth- 
quake motion. If we wish to record microseismic motions we 
must get one sort of instrument. A different instrument is 
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required for the satisfactory registration of large, dis- 
tant disturbances. Still a third type of instrument is re- 
quired for damaging or destructive shocks, and the existing 
instruments of the first two types, if not completely wrecked 
when subjected to destructive shocks, at least are seriously 
disordered, in most cases, and their records falsified and in- 
terrupted. If one sets out to equip a seismological observa- 
tory, he finds himself obliged to install a large number of in- 
struments. Not only must these be of different types, 
adapted to the different degrees of intensity and character of 
earthquake motion, but, in many cases at least, two instru- 
ments of each type are necessary, since we have two compo- 
nents of horizontal motion to register, and the horizontal pen- 
dulum type of instrument can record only one component of 
motion. Mention has already been made of the vertical com- 
ponent of motion. Very few instruments are available for 
recording this, and the measurement and registration of the 
vertical motion involves exceptional difficulties, and must be 
treated in a class by itself. Our attention at present is di- 
rected exclusively to instruments for the registration of hori- 
zontal motion. Those familiar with the subject generally 
recognize that seismographs, with few exceptions, are influ- 
enced by more than one kind of motion. Seismographs for 
horizontal motion are all influenced by changes in the direc- 
tion of the vertical and by the tilting of the ground, as well 
as by vibratory horizontal displacements, so that we can not 
certainly tell just how a given record should be interpreted. 

Having all these matters in mind, I have undertaken to de- 
sign a seismograph for horizontal motion that should satisfy 
all the reasonable demands to a much greater degree than 
any of the instruments now available. The results obtained 
with the most perfect instruments are, at the best, somewhat 
uncertain in details, and, recognizing this, my chief object has 
been the development of a type of instrument that shall 
satisfy all reasonable requirements for general observatory 
work, and from which entirely reliable records can be obtained 
by the average observer. The special student of any problem 
is always able to refine his instruments and methods so as to 
attain results of the highest possible order. 

A seismograph consists essentially of three separate and 
distinct parts, viz: 

I. The steady mass, so-called, whose function it is simply to 
remain stationary during the earthquake. 

II. The connecting and transmitting mechanisms between 
the steady mass and the adjacent ground, whose function it is 
to transmit and, if necessary, more or less to magnify and to 
inscribe the motions of the ground; and, finally— 

Ill. The recorder, consisting simply of clock movements, 
drums, paper, ete., upon which the record is actually inscribed. 

There is still a fourth part, which, while often missing and 
not entirely essential, is neyertheless a.valuable adjunct in 
many high-grade seismographs, namely: ; 

IV. Damping devices. These serve the purpose of limiting 
and controlling the motions that the steady mass may some- 
times acquire. 

In the presentation which follows we shall take up these 
parts in order and shall first discuss in each case the general 
requirements that must be met and more or less perfectly 
satisfied, then describe the devices and apparatus designed by 
me to meet these requirements. 

L—THE STEADY MASS. 

General requirements.—In the first place, the whole seismo- 
graph, especially the steady mass, must be absolutely earth- 
quake proof when solidly installed and subjected to seismic 
vibrations of the severest. order. Of course no seismograph 
can measure and record the great displacements of several feet 
that may occur, for example, in the immediate proximity of a line 
of faulting or where soft, alluvial, deposits of soil are bodily 
shifted by large vibrations; but we may reasonably demand that 
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an acceptable seismograph be able to ride thru true vibratory 
motion of the most severe degree, and to do so without the least 
disorder or derangement of its functions; in fact, it must faith- 
fully record ali this motion. At first sight, it may seem almost 
impossible to construct an instrument that will record truth- 
fully the violent surgings and vibrations of the ground during 
a great destructive earthquake that lays a whole city in ruins 
in a few seconds; nevertheless, it is actually easier to construct 
an instrument for this purpose than it is to produce one that 
will record equally well the great unfelt vibrations that are 
propagated to great distances from the origin of a violent dis- 
turbance. 

It is hardly practicable to enumerate all the requirements 
that we have aimed to satisfy in this new instrument, but we 
have had a primary regard for all such questions as facility of 
manufacture and installation; immunity from disturbing in- 
fluences of the immediate environment, such as temperature, 
surface tilting, etc.; convenience of manipulation, adjustment, 
maintenance, and general infallibility of registration, etc.; and 
finally, the question of cost has received due consideration. 
In respect to this I may say that a long experience with many 
classes of instruments has thoroly convinced me that the man 
who rejects a carefully designed and manufactured piece of 
apparatus because it costs rather more than something cheap, 
which may, perhaps, seem good enough, is doomed to disap- 
pointment. The best we can do is pretty certain to fail sooner 
or later, and the failures always come at some critical time 
when failure is most disastrous. Cheap apparatus is frequently 
replaced at a later period by something better, thus greatly 
enhancing the total outlay with less satisfactory results. 

Assuming that the reader is familiar with the general ele- 
ments of seismic apparatus, I may say that the steady mass is, 
in a certain sense, the basis of the whole instrument. It is 
impracticable to discuss here the kinetic conditions that must 
be satisfied in the design of this part of the apparatus, but I 
can not emphasize too strongly the primary necessity that the 
steady mass be free to remain at rest thruout all portions of any 
earthquake. If we examine many of the existing instruments 
we find it impossible for the steady mass to remain at rest, 
except only for motions of very small amplitude. In most of 
the photographic recorders—of the horizontal-pendulum type, 
for example—the steady mass is carried on a very short strut, 
or moment arm. This construction not only introduces large 
angular motions of the strut as a result of moderate relative 
movements of the ground and steady mass; but even with 
slight deflections the pendulum is largely influenced by motion 
at right angles to its axis; that is to say, the instrument 
records movements which it is not supposed to register. 

Again, probably all the instruments now employed in the 
registration of microseismic motion, if not open to the criti- 
cism just made, are, nevertheless, so trammeled with stops, or 
bumpers, that the steady mass is free to remain at rest only 
for very small displacements of the ground. This is especially 
necessary in instruments with mechanical registration, and 
arises from the fact that the delicate mechanisms employed to 
magnify the motions from one hundred to two hundred or 
more times form a delicate system of linkages which in reality 
can operate only over a very limited range, and are likely to 
be wrecked or seriously deranged by motions beyond this 
range. In all these instruments, therefore, the steady mass, 
during the stronger motions of the ground, is bumped into 
and buffeted here and there by the stops or buffers on the 
apparatus, and the records made at such a time are, of course, 
rendered valueless. Itis a very unsatisfactory excuse to make 
that instruments of this class are not designed to record the 
larger movements of an earthquake. 

In order that the steady mass may be as free as possible to 
remain at rest for all kinds of earthquake motion it must be 
mounted upon a relatively long strut, or moment arm, or sup- 
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port. By “long” in this connection, I mean a distance of 
two or three feet, at the least. Supports of much greater 
length may easily be employed and possess very great advan- 
tages in other respects, which will be discust later. 

Two types of steady mass, briefly described."—It seems advisable, 
at this point, briefly to describe two types of steady mass that 
seem best adapted to meet all the possible requirements. 
This will give the reader a mental picture that will be of 
great assistance in the further presentation of the general re- 
quirements. These types are shown diagrammatically in figs. 
2 and 3. 
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Fie. 2.—Inverted horizontal pendulum seismograph, Marvin system. 


The first form is simply an inverted horizontal pendulum. 
The object especially sought in the adoption of this construc- 
tion is to secure relatively large dimensions and,.at the same 
time, to escape, as far as possible, disturbing influences due 
to temperature and lack of solidity and rigidity. This type 
of pendulum is peculiarly suited to what we may call absolute 
measurements of large vibrations, because the highest accu- 
racy of measurement becomes possible owing to the very long 
period that it seems practicable to realize in this construction. 
As the instrument is chiefly relied upon for large motions only 
a low scale of magnification will be utilized. 

The second type of steady mass is better adapted to the 
ordinary registration of earthquakes at numerous stations and 
for general seismological work. It consists of an inverted 
pendulum, that is, a heavy mass on the top end of a strut sup- 
ported at its bottom end on a suitable form of frictionless 
pivot. The mass at the top end is prevented from wobbling 
about by the reaction of a suitable spring, S, which causes it 
to stand quite erect, and, when disturbed, to oscillate freely 
about a definite position of rest. Any reasonable range of 
motion may be provided for. 

Period of the steady mass.—Referring particularly to the last- 
described arrangement, we now have mentally before us a 
steady mass, which, so far as its mountings and immediate en- 
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Fie. 3.—Inverted astatic pendulum diagrammatic, Marvin system. 


vironment are concerned, is free to remain at rest during any 
earthquake motion. The question is whether it will actually 
do so. This will depend almost entirely upon its period of 
oscillation. When the ground and pier move to and fro with 
seismic vibration, the pivot-point support underneath the 
steady mass, and likewise the fixt top end of the spring S are 
displaced from their positions of equilibrium, and there is 
immediately set up a reaction of the spring which tends to 
make the steady mass follow after the spring. If, now, the 
force of restitution exerted by the spring is very small as com- 
pared to the inertia of the steady mass, the latter will move 
under the action of the spring only very slowly, that is, its 
free period of oscillation will be very long. If now, at the 
same time the seismic vibrations of the ground and pier are 
relatively rapid, it is very plain that the steady mass can 
move only very slightly under the influence of the spring 
and the vibrations of its pivot support before the direc- 
tions of the motion of the ground and the influence of 
the spring are reversed. In other words, the steady mass 
remains very nearly at rest only when the period of the 
ground vibrations is very short as compared with that of the 
steady mass. This requirement is easily satisfied in the case 
of damaging or destructive shocks, as in such cases the periods 
of the motions to be dealt with are mostly only one or two 
seconds, or even fractions of a second; and it is very easy to 
get a period of fifteen or twenty seconds for the steady mass— 
that is ten to fifteen times as long as the periods of the dis- 
turbance. For this reason it is much easier to record accu- 
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rately the ground motions in destructive earthquakes*than to 
record the large, slow motions that are propagated to great 
distances from an origin. In these latter cases the ground 
vibration may often have a period of from ten to thirty sec- 
onds, or even longer, which coincides so nearly with the natu- 
ral period of the steady mass that the latter at once follows, 
systematically, all the disturbing vibrations. The steady mass 
in fact is set into violent oscillation and its record falsified. 
To avoid this difficulty we should lengthen the period of the 
steady mass to, say, two hundred or three hundred seconds. 
This, however, introduces new difficulties, and steady masses 
with periods of more than sixty to ninety seconds are not yet 
in successful use. 

While the steady mass, for the reasons just explained, may 
sometimes fail to remain at rest, yet the earthquake motion is 
so complex and the period changes in such an irregular man- 
ner that the records are only partially impaired. To overcome 
this difficulty resort must be had to what is called damping, 
which will be more fully discust under Section IV. 

Weight or inertia of the steady mass.—The mass of matter which 
must be concentrated in the steady mass depends on the 
period of the pendulum, the resistance to be overcome at the 
pivots or other connections with the pendulum, and the work 
involved in producing the desired record. In the latest 
photographic recorders made by Bosch a mass of 100 grams 
entirely suffices, and the motions are controlled by a simple 
air-damping device. 

A vastly greater mass is necessary if mechanical registration 
is employed, and in this case the amount required depends 
upon the magnification and the method of registration. With 
mechanical recorders magnifying 200 times Wiechert employs 
a steady mass weighing just about one ton (2,200 pounds). 
Probably there is no method of mechanical registration so 
delicate and so nearly frictionless as that of writing by means 
of a very light stylus upon the smoked surface of glass or 
paper. Exceedingly fine lines can be made and the minutest 
details are perfectly reproduced in the record. If the period 
is from twenty to thirty seconds a steady mass of twenty to 
fifty pounds is necessary to inscribe a record of this kind with 
a magnification of ten to twenty times and without damping. 
Damping could not be used on such a pendulum unless the 
period was reduced below twenty seconds, as the unavoidable 
friction would itself damp the pendulum about as much as 
would be allowable. 

I have made quite an extensive investigation into the force 
required to inscribe smoked paper records, and have ascer- 
tained about the limit beyond which we can not go in practi- 
cal work. The resistance is primarily proportional to the 
pressure exerted by the stylus and depends very little upon 
the thickness of the soot coating. If the soot coating is too 
heavy the stylus will not inscribe a deep line, but will ride 
partly on top of the soot; while a thinner coating will be 
wholly removed with about the same resistance. One must, 
therefore, adopt a sort of standard thickness of soot. In my 
own case, I require a coating sufficiently dense to yield a good 
strong photographic reproduction of any records I may obtain. 
Such a coating may be rather thin and perceptibly translucent, 
after varnishing, when held up to the light. 

The stylus required to write a reasonably satisfactory record 
in these cases must exert a pressure at its writing point of not 
less than one or one and two-tenths milligrams. The force 
required to move such a stylus sideways varies considerably, 
as may easily be understood, but it is very close to one milli- 
gram, possibly a little less. 

I have measured the pressure and force required over a wide 
range of conditions, and have been surprised to find that the 
force required to push the stylus is only a little less than the 
pressure exerted at its point; that is, from 0.8 to 0.9 of the 
pressure. This signifies a very high coefficient of friction, but 
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the action of the stylus in plowing away the soot is not quite 
analogous to ordinary cases of friction. 

I have published in the Monrary Wearuer Review for May, 
1906,° methods of further reducing the friction by the influ- 
ence of minute vibrations, which keep the point of the stylus 
in a continual state of tremor. By this method the pressure 
of the stylus can be reduced to from 0.7 to 0.8 milligram, and 
the resulting line, owing to the minute tremors, will be better 
than the line produced by the heavier stylus and with dis- 
tinctly less friction; but long experience shows it is difficult 
to maintain the vibrations at just the right period and inten- 
sity. Little changes come in at times, and, in some cases, the 
action of the vibration influences the pendulum itself and in- 
duces wave motions that vitiate the record. 

As the friction at the stylus is generally of far greater influ- 
ence in damping the pendulum than the unavoidable friction 
at the pivots, we may form an idea of the mass of matter re- 
quired to overcome this resistance under given conditions. 

Thus far we have considered chiefly the resistance to be 
overcome. The source of power to overcome the resistance is, 
in every case, the force of restitution of the steady mass. This 
force of restitution is primarily a function of the period of the 
pendulum. The period, therefore, becomes of great impor- 
tance in this connection. If the pendulum is displaced a small 
amount from its position of rest, and if the friction at the 
stylus and at other points is greater than the force of restitu- 
tion corresponding to the given amount of displacement, then 
the pendulum will be unable to return to its position of rest. 
This state of affairs can easily be realized by simple experi- 
ments with a seismograph with mechanical registration. 

The force of restitution in any given case is 

f=W sini, 
where W is the mass and i the angle of deflection. We may 
write instead 

4d 

in which d is the displacement at center of percussion, / is the 
length of the seconds pendulum, and 7’ is the period of the 
steady mass. If now «x is the displacement on the record sheet, 


and n is the multiplying factor, then d= . If /, is the force of 


restitution as exerted at the point of stylus, then /,= £ , whence, 


4a 
W 

For seismographs with mechanical registration on smoked 
paper, the weight of the steady mass should, in general, be 
great enough to give f, a value rather greater than one milli- 
gram, when z is one millimeter. 

The writer strongly advocates the use of heavy steady 
masses and large dimensions for seismic instruments. The 
little, delicate photographic recorders with steady masses of a 
few hundred grams and the possibility of motion greatly 
limited are not suited to real earthquake registration. Their 
chief utility is to record the slow, diurnal and secular tilting 
motions of the crust of the earth, resulting from tidal stresses 
and other causes. 

Sensitive masses.—In all that precedes great stress is laid 
upon the necessity that the steady mass be perfectly free to 
remain at rest, or that if it move at all it do so under some 
kind of damping control so that its motion may be determi- 
nate. This is necessary if we wish to measure the amount of 
earthquake motion. If, however, we wish to ascertain simply 
that earthquake motion has occurred the best device is not a 
“steady mass” that shall remain at rest, but what we may call 
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a “sensitive mass”; that is, a mass very free to oscillate and 
with ite period so chosen that it synchronizes closely with the 
kind of earth vibrations it is designed to show. cases of 
this kind, exceedingly minute tremors of the ground, if they 
persist for a few seconds, may suffice to set the “ sensitive 
mass” in relatively very great motion. 

Instruments in which this principle is employed have, how- 
ever, anly a rather limited utility. 

The two types of steady mass designed by me will now be 
described in detail. 

The inverted horizontal pendulum.—The writer proposes this 
arrangement of the steady mass in order to realize the longest 
possible period of free oscillation. For this purpose the dimen- 
sions of the pendulum must be as large as possible. But if we 
give the pendulum large dimensions and build it on the top of 
the pier, we introduce two new difficulties which largely defeat 
the objects in view; that is, we are likely to lose rigidity and so- 
lidity, which are of the greatest importance, and to introduce 
uncontrollable temperature differences and other influences 
which are proportionately exaggerated with the larger dimen- 
sions. We therefore build the pendulum as much as possible 
below ground, and not only do we secure solidity and stability, 
otherwise unattainable, but the troubles from temperature and 
other atmospheric influences must be very largely reduced. 

A pendulum of this character is peculiarly adapted to regis- 
ter large slow vibrations that form part of the wave motions 
induced by distant earthquakes. Such an instrument requires 
only small magnification, and in many particulars it is very 
easily constructed and maintained. Details of construction 
will be readily understood from the accompanying figures and 
description of the second type of pendulum. Some features of 
the theory of the instrument and limitations upon the devel- 
opment are given below. 

The period of vibration of a horizontal pendulum is derived 
from an equation of this form: 


T= 


where / and A are, respectively, the horizontal and vertical 
arms of the pendulum, while a is a small quantity measuring 
the slight inclination it is always necessary to give the verti- 
cal arm. 

It is plain that the value of 7 is greater the greater we make 
the product /A and the smaller we make a. The quantity a can 
not, in general, be made smaller than certain minimum limits. 
In any case we make a@ just as small as practicable. For great 
periods the product /h must be as great as practicable. 

Omori, in Japan, employs horizontal pendulums of the 
greatest periods of any at present in use, sixty seconds or 
more. The product /A in these cases is, I believe, about 2.65 
(meters by meters). By adopting the proposed construction, 
it is entirely practicable, I think, to increase this product up 
to six or more, and thus realize the longest practicable periods. 
The new difficulties introduced by this procedure arise from 
astronomical and meteorological causes. A long-period pen- 
dulum is exceedingly sensitive to variations in the direction 
of gravitation, and to slow tiltings of the ground due to 
obscure meteorological and other influences. Only recently 
an account of a highly important work has been pub- 
lished by O. Hecker‘ upon the influences of the sun and moon 
upon the horizontal pendulum and the deformation of the 
crust of the earth. According to the results obtained by 
Hecker, there is a definite daily variation of a horizontal pen- 
dulum, even when sunk to a depth of 25 meters below the 
surface, which, in extreme cases, may attain a maximum value 
of 0.05 second. This influence causes the recording stylus of 

* Beobachtungen an Horizontalpendeln iber die Deformation des Erd- 


kérpers unter dem einfluss von Sonne und Mond. Von O. Hecker. 
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a highly sensitive pendulum to wander slowly from one side 
of the record sheet to the other, and thus causes difficulties 
not otherwise encountered in more stable systems. The tidal 
influences, moreover, are complicated by large and slow tilt- 
ings of the ground, due to various causes. All these details 
require careful consideration in any effort that may be made 
to realize a very long period for the steady mass. The tidal 
and tilting influences mark the limits beyond which we can 
not go in the development of this branch of the work. 

The type of steady mass which I am now considering, that 
is, the inverted horizontal pendulum, will, I believe, enable us 
to realize the longest possible period of oscillation and still 
retain a sufficient degree of stability for practical recording. 
If experience proves that a period of two hundred seconds or 
more is practicable, then any wave motions that generally 
occur will be almost perfectly recorded by it; that is to say, 
such a steady mass will remain almost perfectly at rest, and 
the indications of such an instrument should constitute the 
nearest approach we yet have to an absolute measure of the 
earthquake motion. These conclusions are based on the 
assumptions that the movements of the ground are literally 
movements of translation. If the motions are really tiltings 
of the surface and not translations, then the indications of the 
long-period steady mass will be very greatly exaggerated and 
will require to be interpreted upon an entirely different basis 
than if the motions are translations. 

Simple inverted pendulum.—This arrangement of the steady 
mass seems better adapted than any other for the registration 
of all kinds of horizontal motions. 

Fig. 4 shows in sectional elevation the large instrument 
with which all the experiments leading to the results set forth 
in this paper have been carried out. 

In this case also the steady mass is built within the pier, 
and is practically wholly inclosed by the latter. When the pit 
is being excavated for the pier, a post hole is dug beyond for 
a depth of several feet, and a piece of iron pipe, closed at the 
bottom, is set up perfectly vertical on a good, strong, footing 
of concrete. The pier is then built up around the pipe as 
indicated, and the top covered over by a suitable iron plate 
which forms the base plate for all the recording apparatus, 
thus realizing the maximum of solidity, compactness, and acces- 
sibility. The strut for the steady mass is made of ordinary iron 
pipe (steam or water pipe), and terminates at the lower end ina 
type of universal pivot of ribbon-steel construction. One of 
these adapted to sustain safely a steady mass of over 2,000 
pounds is shown in fig. 5. The iron pipe built in the pier is 
of such construction that the steady mass and strut with its 
suspension can be inserted and removed from the pier when- 
ever desired, without the least derangement of the suspension. 

This arrangement constitutes, of course, an inverted pendu- 
lum, and is in unstable equilibrium. It is rendered astatic by 
the reaction of a cylindrical steel spring rod S and plate P, 
arranged exactly as shown in fig. 3. 

Wiechert has used very successfully a short, inverted pen- 
dulum, but the method employed by him to render the pendu- 
lum astatic seems less convenient to arrange and manipulate 
than the one here shown and does not permit large ranges of 
motion; moreover I believe it is not so technically correct 
in its mechanical action. 

The lower end of the spring S is intended to be fixt at the 
center of percussion of the whole steady mass. Under these 
circumstances its reaction upon the suspended mass coincides 
as exactly as may be desired with that of the force of gravity, 
which in this case is to be wholly neutralized; and when the 
reaction of the spring slightly exceeds the component of grav- 
ity the whole mass oscillates more or less slowly upon its pivot 
in proportion to the excess of the reaction of the spring over 
the component of gravity. It is necessary, of course, to elimi- 
nate friction to the greatest possibledegree. The ribbon-steel 
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Fia. 4.—Inverted astatic pendulum seismograph, Marvin system. 
suspension realizes this in a highly satisfactory manner when 
great weights are to be supported. It is equally important 
that the spring S be held at both ends (the top and bottom) in 
the most approved fashion. At the bottom end the spring is 
fitted on a slight taper and driven into a massive metal plug. 
At the = the spring rod seizes, by means of a screw clamp, & 
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flat, tempered-steel disk which, in turn, is securely clamped 
around its periphery to the top of the pier. Very simple and 
exceedingly convenient means are provided for centering the 
steady mass vertically above its pivots. The spring S and 
plate P must be of the best spring-tempered steel, and a thoro 
investigation of these has shown most remarkably perfect 
elastic properties. To realize the benefits of these properties, 
however, the pieces of steel must be grasped in the most per- 
fect manner possible. 
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Fie. 5.—Universal pivot, or gimbal, of ribbon-steel construction, Marvin 
system. 


Without any exception, so far as I know, seismographs are 
constructed to be installed largely above ground, that is, 
above the floor of the room occupied. 

The plan shown here, of building the mountings of the 
steady mass in the pier, rather than on top of it, secures, first, 
a degree of solidity and invariability that are unattainable in 
the ordinary construction; and, second, the elimination of the 
unequal changes of temperature in different parts of the appa- 
ratus, which cause serious wanderings and driftings of the zero 
position of exposed seismographs. To exclude dust, insects, 
etc., and gvoid influence of air currents, the exposed mechan- 
isms on the top of the pier can be easily inclosed by a small, 
close-fitting cover of glass or other material. 

A steady mass of this design and arrangement has, as re- 
gards earthquake vibrations, almost unlimited freedom of 
motion in the horizontal plane. It is simply a question as 
to how much motion we may desire to record on some ex- 
treme occasions. A double amplitude of 3 inches has. seemed 
adequate from the information available to the writer, but 
greater motion can easily be provided for, if necessary. 

Il. CONNECTION BETWEEN STEADY MASS AND RECORDER. 

General requirements.—In allthat precedes we have shown 
how we may arrange and construct a steady mass that is prac- 
tically earthquake proof and free to remain at rest. The next 
important step is to devise means whereby we may take off 
the two horizontal components of motion between the ground 
and the steady mass, and cause the same to be properly in- 
scribed upon the record. Of course during an earthquake 
it is chiefly the ground, not the steady mass, that moves, but 
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as we look at the instrument it seems as if the steady mass 
itself moves, and that form of the expression is simpler and 
may be used occasionally even tho inexact. 

have already indicated, partly at least, that all existing 
forms of seismographs fail to meet the requirements of a uni- 
versal instrument, either because the steady mass is on too 
short a strut, or, more particularly, because the recording 
levers and connecting mechanisms can perform their functions 
under only a very limited range of motions, and generally 
they are saved from serious injury during strong earthquake 
action only by the interposition of stops and buffers which 
restrict the relative motion to very narrow limits. 

The steady mass in an instrument of the ordinary construc- 
tion, with mechanical registration magnifying, say, two hun- 
dred times, is not permitted to move more than a few hun- 
dredths of an inch, and the multiplying levers are constantly 
liable to serious disorders that are well understood by those 
familiar with such instruments. 

We have tentatively adopted three inches, or 75 millime- 
ters, as the maximum probable motion that the seismograph 
will ever be required to record. Any mechanisms connecting 
the steady mass and the ground must therefore satisfy some 
such requirements as the following: 

(1) Maximum motion to be transmitted, 3 inches (75 milli- 
meters). 

(2) The connection must take off only one linear compo- 
nent of motion, and permit perfectly free movement of the 
steady mass in the component at right angles thereto. It 
must show no motion, or the least possible, when the motion 
of the steady mass is strictly at right angles to the compo- 
nent that the connection is designed to transmit. 

(3) The power absorbed in transmission, that is, the fric- 
tion, must be exceedingly small. 

(4) The looseness, or shake, or lost motion, in transmission 
must be nil or very small. 

(5) The proportion between the motion received and that 
transmitted must be uniformly the same for large and small 
motions, and for motions over any part of the range. 
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(6) Conditions of simplicity, accessibility, adjustability and 
general convenience of manipulation and maintenance must 
be satisfied as far as practicable. 

Description of high magnification transmission.—Having dis- 
carded numerous devices and arrangements I have finally de- 
veloped the spring-bow and wheel transmission shown in 
plan and elevation in fig. 6; this seems to meet nearly all 
the requirements. The topmost extremity of the steady mass 
terminates in an adjustable pin, P. At the top end of P two 
hardened-steel cups, like those shown at (C, are inserted at 
right angles to each other, with the one just above the other. 

It may be convenient, in some cases, to have the cups C 
adjustable, that is, to screw in and out. A piece of steel 
music wire, S, 0.044 inch in diameter, is sharpened to a 
needle-like point where it rests in the cup ( and is bent in 
the form shown. The hooks h,h’ are formed of any quite 
fine wire, which is coiled in the manner indicated, and slipt 
over 8S. The hooks must be fastened, if not coiled tight enough 
to hold otherwise. W is a very light skeleton wheel, mounted 
on a very free-moving, pivot-pointed axis of the well-known 
construction, as shown. The rim of the wheel is provided 
with three grooves, as indicated. While these grooves are 
really very small, they are relatively very deep compared with 
the fine silk thread which is run around the grooves. The 
figure shows an enlarged cross-section of the rim, with di- 
mensions of the grooves marked in units of .001 of an inch. 
At one side of the wheel a hole is made thru the rim at the 
bottom of each groove. A piece of ordinary silk sewing 
thread of the proper length (which can easily be determined) 
is taken, and its free ends past thru the holes in the outside 
grooves, one end in each hole; the free ends are then securely 
knotted together. A loop of the thread is then pulled thru 
the hole in the bottom of the central groove, leaving the 
knot on the inside of the rim. The attachment of the thread 
to the spring-bow by means of the hooks at h” and h’”’ is a 
very simple matter, easily understood. The spring-bow is 
suspended in a free-moving fashion by means of a thread, as 
indicated. Finally, the link-suspended, small weight wt serves 
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Fie. 6,—Plan and elevation of the spring-bow and wheel transmission, Marvin system. 
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to keep the point of the spring S in the cup C with a gentle 
pressure. 

The action of this system for taking off the motion is ex- ¢ 
ceedingly smooth and devoid of shake, lost motion, and fric- 
tion. The arrangement of the double thread in the three me 
grooves secures a perfectly balanced system of internal forces. e237 
The action of the spring-bow takes up symmetrically any 
slighf variations of the threads with moisture, etc.; and where WwW 
the threads parallel each other they are free to slip over the 
hooks h” and h’”’, thus equalizing, approximately, the tension 
in the two branches. The wheel W, if one inch in diameter, 
provides for 3.14 inches of motion, and more than one turn of ‘ P 
the thread on the wheel is permissible. The distance of the | 
wheel W from P can easily be made sufficiently great to satisfy § 
fully the requirements of (2). - 

By the aid of this arrangement we accomplish the first step 
in the process of transmitting the motion of the steady mass 
to the record. We simply transform one component of the : 
motion into approximately one turn of the wheel W and its P 
staff. It remains now to transfer this motion with the neces- J 
sary magnification to the record sheet. b 

Fig. 7 shows a system of levers for this purpose, with a ) 
magnification of 120 times. The writer has used this arrange- | . 
ment very successfully for several months past, and it seems ‘ 
to meet all the requirements herein set forth. The distin- a 
guishing features of this system are the means provided by 
which the motions of the levers stop when these reach a certain : | 
extreme position, whereas the motion of the wheel W and its 
connection with the steady mass are in no wise limited by the 
levers. This is accomplished by exactly the same devices that 
are employed in the lever-escapement of all ordinary watches, 
and when the levers are properly constructed there is little to 
prevent their action from being just as certain and reliable as 
is demonstrated to be possible in the millions of watches and 
clocks in common use. A pin, p, on the wheel W’ engages a 
forked opening in the lever /. Underneath the fork of the 
lever a small pin enters a notch or opening in the flat rim of 
W’. When the motion of the wheel W’ carries the pin p out 
of the fork in the lever /, the pin below the fork has likewise 
past out of the notch in the rim, and the lever is prevented by L 
the rim from returning until the return movement of the wheel 
accomplishes a re-engagement of the pin p and fork. The 
end of the lever /, opposite the fork, is provided with a deli- 
cately pivoted pin, p’, which in turn, engages a fork in the 
short end of the stylus lever ZL, as seen. Inasmuch as the 
stylus lever can not sweep over a much wider angle than that 
embraced within the width of the record sheet, it is necessary 
that p’ also disengage under conditions of extreme motion 
with high magnification. This is easily effected by making 
the fork in the end of LZ of the shape shown, and providing 
two small bristle brushes, b, »’, to limit the motion of L. The 
lever can not go beyond the brushes, and it can return only 
when the pin p’ is ready to engage the fork. 

While these devices perform their function remarkably well 
and recorded perfectly the great earthquake of December 30, a 
1907, yet the writer has recently developed the photographic 
registration to such a state that he regards it decidedly the 
most advantageous for all records of high magnification (100 to 
200). Mechanical records are best under conditions of moder- 
ate magnification, two to twenty or thirty times, for example. 

Ill. THE RECORDER. hed > 

General requirements.—No seismograph can claim to possess 
universality that does not provide for a magnification of at 
least one hundred times, which is necessary in order that the 
small microseismic motions may be easily distinguished. On Kind of record.—There are, perhaps, three kinds of records 
the other hand the larger motions may be very easily recorded open to choice: 
with a small magnification of two to five times. We must, (1) Photographic records. 
therefore, have at least two records with low and high magni- (2) Records on smoked paper. 
fications, respectively. (3) Ink records on paper. 
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Fie. 7.—Arrangement of levers for trans- 
ferring motion, Marvin system. 
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The photographic record is, unquestionably, the most ele- 
gant and perfect of all, and, under proper arrangements, is 
available for an almost unlimited range of work. The impon- 
derable pencil of light is, of course, absolutely devoid of fric- 
tion and imposes no constraint upon the steady mass, whatever 
the magnification may be. The chief objections to photo- 
graphic registration are found in the considerations of expense 
for paper, in some difficulties involved in development of rec- 
ords, and in the fact that the record is invisible until developed. 

The smoked-paper records are undoubtedly of the most 
valuable kind, not only because of their cheapness, but be- 
cause of the remarkable detail and completeness of the whole 
result. The chief objection against them lies in the question 
of the friction, but even this is of no consequence whatever 
for small magnifications, say ten to twenty times, or less. It 
is perfectly easy in these cases to employ steady masses of 
reasonable weight and yet sufficient to render the friction effect 
unimportant. With higher magnifications, especially of one 
hundred times and more, and with long periods, the advan- 
tages of the smoked-paper records largely vanish, not only 
because the high magnification requires a steady mass of great 
weight, but because the multiplying lever system must be 
compounded, involving several joints and more friction and 
increased opportunity for lost motion. Finally, there is the 
difficulty of retaining the perfect freedom of the steady mass 
while it actuates a lever system of high magnification. All 
these difficulties vanish completely when we adopt the photo- 
graphic method of registration for high magnifications and 
retain the mechanical recorder for low magnifications. 

The pen and ink record is quite unavailable for high mag- 
nifications, not only because of the fundamental objections 
given above to the mechanical devices for multiplying the 
motion, but still further because of the greater friction at the 
writing point. There are other difficulties of a mechanical 
nature in providing and maintaining the pens themselves and 
the ink supply. Quite satisfactory solutions for these diffi- 
culties are, aden, possible, with magnifications of two to 
ten times, and the writer has used this system quite exten- 
sively. His preference, however, is distinctly in favor of the 
smoked-paper record, as the danger of losing a record by the 
stoppage of the ink or otherwise during a destructive earth- 
quake is very much greater with the ink record than in the 
case of a stylus writing on smoked paper. 

In the light of all these considerations, we find ourselves 
led to the following conclusions, namely, that in a universal] 
seismograph we must provide: 

(1) Ahighly magnified record (one hundred to one hundred 
and fifty times), which is best realized by photographic 
processes, which entail no friction and no constraint whatever 
on the steady mass, and 

(2) A slightly magnified record (two to five times, or even 
full size), of mechanical character, by pen and ink or, prefer- 
ably, on smoked paper. 

Such a system of duplex records from a single steady mass 
is a perfectly simple and practicable realization of a universal 
seismograph for horizontal motion. Any seismic vibrations of 
a reasonable period that are revealed under a magnification of 
one hundred to one hundred and fifty times, or that do not 
exceed the 3-inch limit of motion, can hardly fail to be recorded 
on one or the other of the recorders or on both. If the moving 
spot of light goes off the sheet, even if it sweeps the entire 
circumference of the room, no harm is done, and, on the other 
hand, the pen of the mechanical recorder with small magnifi- 
cation need never go beyond the margins of the sheet. We 
therefore never fail to get the record in its entirety. 

The general arrangement of devices by which all these re- 
sults are accomplished is shown diagrammatically in fig. 8. 

Speed of paper.—Thus far we have said nothing as regards 
the proper speed of the record sheet. This, however, is very 
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important. What we require here is simply that the waves be 
drawn out so as to be fairly well separated. On the other 
hand, too rapid a motion involves a large expenditure of 
material and labor in maintenance. A speed of 90 centimeters, 
35 inches, per hour is a speed commonly used and seems to 
answer all requirements, except for the case of destructive 
earthquakes. In such cases the periods of the earth motions 
are from one-tenth to one-twentieth those in distant éarth- 
quakes; hence we must increase the speed of the paper during 
destructive earthquakes to at least twenty times the ordinary 
speed. 

The limited experience of the writer with damaging or sen- 
sible earthquakes does not enable him to decide definitely 
whether both recorders should be run at a high speed during 
damaging earthquakes or not. Such considerations as follow 
indicate a partial answer to this question. 

If we take 4 inches as the maximum possible “throw” of the 
spot of light that can be registered on the photographic rec- 
ord, and assume a magnification of 100, we must have at such 
times a ground motion of .04 inch. If the period is one-half 
second, the maximum acceleration is— 

2 
: _ = 64 inches, or 160 mm., per sec. per sec. 


This result indicates a disturbance of very slight intensity, 
even tho the highly magnified waves pass clear to the edges 
of the paper, or beyond, in the photographic record. Of 
course greater disturbances would be too large to appear on 
the photographic record under any circumstances. We are, 
therefore, of the opinion that for damaging shocks there is no 
necessity for high speed motion on the photographic, or 
highly magnified, record. The requirements of ordinary 
observational work are fully met by provision for high speed 
on the slightly magnified record only. That is to say, 
whenever there is a fairly strongly-felt earthquake the record- 
ing drum for the slightly magnified record must be run at a 
speed at least twenty times faster than its usual speed. For 
this purpose the high speed motion must be under the 
control of one of the numerous forms of seismoscopes, 
or starters, which set off the high speed motion when- 
ever the intensity of the earthquake motion attains a certain 
fixtdegree. Now the duration of sensible earthquakes is, as a 
rule, less than one minute. Therefore all reasonable de- 
mands will be met if, after the high speed motion has been 
started, it be stopt after a run of, say, three minutes. That 
is to say, the drum, having once been set going at the high 
speed, will automatically resume its slow speed at the expira- 
tion of three minutes, or any similar interval that may be 
judged sufficient. It isa simple matter to meet such a re- 
quirement and also to provide that the drum shall automatic- 
ally assume the high speed and return to the ordinary speed 
as many times, within reasonable limits, as the circumstances 
may require. 

Summarizing, we find, therefore, that having a perfectly 
free steady mass we are able to record every species of hori- 
zontal vibrations if we provide a set of duplex recorders— 
one photographic, with high magnification, and the other me- _ 
chanical, with low magnification, the latter capable of run- 
ning at a high speed for short runs whenever set off by a me- 
chanical starter of appropriate design. 

Additional requirements for satisfactory photographic registra- 
tion.—The photographic records of earthquakes from ordinary 
seismographs are all very unsatisfactory. The record may 
be very fine and sharply inscribed as long as there is no 
earthquake. The very small earthquake waves are also finely 
recorded, but just as soon as the waves become large the 
trace gets fainter and presently vanishes from the record en- 
tirely, except at the very extremities of the waves. For a 
long time the writer regarded this as wholly unavoidable, for 
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t Fic. 8.—Diagrammatic view (plan) of universal seismograph, Marvin system. 
some reason imperfectly understood, and he supposed that the strated at once that the difficulty lies entirely with the light. 
photographic film would not take a record of the large wave The paper will stand many times the range of exposure required. 
motion without becoming fogged or blurred when the waves In extreme cases of wave motion the velocity of the spot 
subsided. This idea was at once investigated when he sawthe of light over the paper is something like 300 times as fast 
advantages and necessity of using the photographic record as the motion of the paper alone when the spot of light is at 
in the universal seismograph. The result of the test demon- rest. Now the photographic record should show any wave 
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that comes within the limits of the sheet, and this requires a 
light 300 times stronger than necessary just to make the rec- 
ord in the absence of waves. 

The chief reason why existing seismographs fail to get a full 
photographic record arises from the fact that to get the de- 
sired magnification the light and the photographic record 
sheet are placed at a great distance (10 to 15 feet in some cases) 
from the seismograph. A distance of 20 to 24 inches suffices 
in the design herein described, and something like a forty-fold 
advantage is gained on this account alone in the question of 
illumination. A great gain is also realized in the matter of 
sharpness of image, ete. Finally, it is easy to get the neces- 
sary intensity of illumination by the use of suitable combina- 
tions for concentrating the light from ordinary sources of 
illumination. 

The results and conclusions presented in this paper are not 
simply speculations, but are based on actual mechanisms and 
experiments conducted with the large seismograph illustrated 
in fig. 4. The steady mass weighs about 1,300 pounds and 
serves to actuate two mechanical records, each with magnifica- 
tion of 120 times. The vertical support of the steady mass 
was made exceptionally long (total length 17 feet), in order to 
test and experiment with certain phases of seismograph con- 
struction that we have not as yet fully investigated. Numer- 
ous records with pen and ink and the highly magnified smoked- 
paper records have been secured day by day for some two 
months past, and our conclusions are thus derived from actual 
experience. A new instrument with the duplex records is 
under construction and will embody every feature finally per- 
fected and developed in the foregoing analysis of the problem. 

Description of recorder.—It seems unnecessary to enter into 
details concerning the recorders, since such a multitude of 
devices of this character are in common use on all classes of in- 
struments that it is largely a question of selecting something 
to one’s taste. 

After a considerable experience the writer is inclined to pre- 
fer for seismic records that form in which the record sheets 
are in the shape of an endless belt, or ribbon. Seismographs 
require large, long, record sheets, and this is easily realized 
in the ribbon or belt form, while at the same time the clock 
drum can be of relatively small diameter, and thus be easier 
to handle and drive at a regular rate. 

The use of the endless band for the record sheet requires 
some simple means of joining and easily separating the ends 
of the sheet. An admirable scheme for this purpose has been 
suggested by my assistant, Mr. Maring. Four or more small 
holes are punched in the opposite ends of the sheet, so as to 
register exactly, and the ends are then overlapt and a very thin 
and narrow metal ribbon, m, laced in and out thru the holes, 
as indicated in fig. 9. This is admirably suited to the smoked- 
paper records, as the small metal ribbon offers only the slight- 
est obstruction to the stylus, and when the record has been 
inscribed the ends can be detached without the slightest ob- 
literation of the record. 

Still a different means of joining the ends of the paper and 
giving an even smoother seam with some other advantages, is 
also shown in fig. 9. Two gashes a b, a’ b’ are first cut in one end 
of the paper, and tongues ¢ and ¢’ formed on the opposite 
end are interlocked in the manner shown. It is hardly prac- 
ticable, however, to separate a soot-coated ribbon united in 
this fashion without defacing the record, but the method’is well 
adapted to ink and photographic records. 

A very great economy of paper is realized by the well-known 
method of traversing the sheet several times with a slight 
lateral displacement of each succeeding trace. This, however, 
introduces mechanical difficulties in the design of the clock 
and drum in order to secure the lateral shift necessary. To 
the writer it seems decidedly best to mount the clock and 
drum on a small carriage which itself shifts endwise, rather 


Novemper, 1907 


than to follow the usual construction. Only in this way is it 
possible to realize the best results, that is, (1) the whole 
recorder can be made the most compact possible; (2) the drum 
and its axis can be made most cheaply and of the simplest 
construction; (3) the clock can most easily drive such a drum 
smoothly and regularly; (4) the endwise motion can be more 
easily effected and a greater amount of motion provided for; 
(5) two components of motion on large records side by side can 
be obtained on a single drum, thus securing compactness and 
avoiding unnecessary expense for separate clocks, drums, etc. 

A general design for such a recorder is shown in fig. 10. The 
clock and drum are mounted in definite and positive working 
relation to each other on the carriage A, which runs on the 
usual small steel balls, giving the easiest kind of motion. The 
endwise motion is given by the screw S, which is connected 
with a suitable wheel in the clock train. A point of special 
merit in this arrangement is the peculiar nut employed. This 
nut is carried on the bracket B. The screw S passes loosely 
thru a hole in the top of B. A small worm wheel, W, is in- 
serted into a recess milled out in the top of B in such a man- 
ner as to engage the threads of the screw, and thus serve as 
annt. A thumbscrew is now provided by means of which the 
worm wheel can be clamped in its recess, in which case the 
carriage and drum are locked and can move endwise only as 
the clock revolves the screw S. When the thumbscrew is 
loosened a part of a turn, the worm wheel is free to revolve, 
and the drum and carriage can be shifted endwise at pleasure 
and set in any position desired. 
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Fie. 9.—Methods of joining the ends of the record sheet. 


Two-speed movement of drum.—As already explained, the 
drum must revolve at a rapid rate (about 0.2 of an inch per 
second) during destructive earthquakes, and at a slow rate 
(about 0.6 of an inch per minufe) at other times. To accom- 
plish this alteration of speeds from the slow to the fast and 
the fast to the slow, we employ a clock with two governors 
attached to the train. One governor permits the clock to run 
down at the slowspeed; the ordinary balance-wheel and lever 
escapement, in fact. The other governor ordinarily is held 
in check, and is released whenever an earthquake occurs of 
sufficient intensity to require the high-speed motion. When 
this train has run at the high speed for three minutes of time, 
it automatically stops. The slow speed governor, which has 
been running all the time, thereupon resumes control of the 
rate of motion. 

The exact form of clock with duplex governor now being 
constructed will be described at some subsequent time, also 
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the very simple devices employed to start and stop the high 
speed and mark the time on the record sheets. 
IV. DAMPING. 

General requirements.—If we fix our attention again on the 
second type of steady mass previously described, that is, the 
simple inverted pendulum, we may regard twenty to thirty 
seconds as a good working period that may be realized. 
As we have already indicated, such a steady mass will not, 
ordinarily, remain at rest satisfactorily when subjected to 
long-period ground motions, and some expedient must be 
resorted to in order to overcome this difficulty, if possible. 
With this object in view, the German seismologists, espe- 
cially, have introduced various methods of damping the 
motions of the steady mass. We must not regard damping 
as broadly beneficial; it is more in the nature of a necessary 
evil. It does not help the steady mass to remain at rest; 


_indeed damping tends to set the steady mass in motion. 


Nevertheless, the motion thus set up is controlled in such a 
fashion that under certain assumptions we can compute 
from the record with more or less exactness the actual motions 
of the steady mass, or rather the true motions of the ground. 
The assumptions we are obliged to make do not always fit the 
facts satisfactorily, and the results are accordingly inexact. 
Damping, therefore, is to be shunned, rather than otherwise, 
and used just as sparingly as possible. The only way this can 
be accomplished is to use a form of steady mass whose period 
is the longest practicable, consistent with other desirable 
results. 

It is important that a clear idea be formed of the nature of 
damping in its most desirable form. Damping in any form is 
some sort of resistance that opposes, but at the same time 
permits, relative motion between the steady mass and its im- 
mediate environment. The resistance may be offered by the 
motion of blades or paddles submerged in a liquid, for exam- 
ple, or by vanes of appropriate arrangement that fan the air 
ina certain sense. The resistance may even be derived from 
electro-magnetic reactions. Instruments in which no particu- 
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lar devices for damping are employed are, nevertheless, often 
very strongly damped by friction, especially in the levers and 
linkages and at the point of the stylus employed in magnify- 
ing and inscribing the record. This frictional damping is per- 
haps the most objectionable of all, because it does not conform 
to any available mathematical law for the computation of the 
desired results. . 

Damping to be beneficial must strongly oppose large and 
rapid motion of the steady mass, but at the same time it must 
not offer the slightest resistance to the steady mass slowly 
assuming perfectly its position of equilibrium. This is real- 
ized in the resistance of vanes moving either in some liquid, 
or better in confined air spaces. The appropriate mathemati- 
cal expression of course affords the most complete and elegant 
definition of the nature and effect of damping. In the absence 
of earthquake motion the record traced by a seismograph 
under some kind of fluid or electro-magnetic damping, when 
the steady mass has been displaced, is represented by an 
equation of this form: 


. 
x=Ae sin (7 +2) 


x is the ordinate of the curve at any time ¢,« is the measure 
of the damping; A and a are constants, 7’ is the period of the 
damped oscillations. 

Broadly speaking, strong damping has the effect on a seis- 
mograph of making the magnifying scale of the record depend 
on the period of motion registered, so that only short-pevriod 
waves, which as a rule are met with only in damaging or felt 
earthquakes, are registered approximately fully magnified, 
whereas the slow waves, which are of frequent occurrence in 
all long-distance earthquakes, are magnified only very slightly, 
and as a consequence the small slow waves may be lost alto- 
gether. In some cases the damping may also be a function of 
the amplitude as well as the period of the waves, and the mathe- 
matics of the problem becomes very complex. These are some 
of the reasons which make damping objectionable. 
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F1a. 10.—Front elevation of recording drum and carriage, Marvin system. 
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It should be clearly understood that strong damping by 
JSrvtion is fundamentally undesirable, since all small waves 
are lost altogether, and large motions are only slightly con- 
trolled by the friction. Strong damping, even if of a nature that 
satisfies the eyuation given above, is still undesirable, because 
small slow waves are likely to be lost altogether, and larger 
slow ones are not sufficiently magnified. Nevertheless, when 
the damping is of this sort, and its magnitude « in the equa- 
tion is known, we can compute under certain favorable con- 
ditions the actual magnitude of the ground movements. Fi- 
nally, when friction and damping are both quite small, the 
instrument is highly sensitive to all minute disturbances, es- 
pecially motions of nearly its own period. Such motions, 
however, are likely to be recorded on a greatly exaggerated 
scale. In general, the deductions and conclusions from a 
record made on a frictionless instrument of moderate period 
only slightly damped must be very carefully drawn. The 
steady mass in these cases acquires certain of the properties 
of “sensitive masses” previously mentioned. 

Galitzin has greatly developed and employed electro-mag- 
netic devices for damping, and for this purpose attaches to the 
steady mass one or more heavy copper plates, which are free 
to move between the poles of an electro-magnet. When the 
magnet is energized, movements of the steady mass are more 
or less strongly damped by the generation of electric currents 
in the copper plates. By a suitable disposition of this appa- 
ratus the same investigator causes the electric currents thus 
generated to record photographically the character of the 
motion. As the velocity of the relative motion of the ground 
and the steady mass, not the displacement, is shown by the 
electric recorder, it seems the data furnished by such records 
are not in the most convenient form. 
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The work of the present writer has thus far been directed 
very largely to the best methods of constructing the seismo- 
graph so as to secure what he has called earthquake-proof 
construction, universality, the longest practicable periods, 
etc., thereby reducing the necessity for damping to a mini- 
mum. It is intended, however, later on to investigate fully 
the effect of different forms and degrees of damping on actual 
instruments of the new design. 

From a superficial examination of various actual records 
and effects from ordinary instruments, I find the damping 
often differs very widely in character from that represented 
by the logarithmic equation given above, and can not be rep- 
resented by a simple exponent «, such as is often employed in 
the reduction of observations. The subject is one requiring 
very careful attention. 


PUBLICATION OF CLIMATOLOGICAL DATA FROM 
COOPERATIVE OBSERVERS. 


It is anticipated that beginning with the issue of January, 
1908, Table IIT and Table III will be omitted from the Monruty 
Wearuer Review. 

Those desiring the data hitherto published in Table IT for 
any State or Territory, or group of States, or for the whole 
country, may obtain them in the monthly reports of the appro- 
priate section or sections of the Climatological Service of the 
Weather Bureau. Application for such reports may be addrest 
to “Chief U. S. Weather Bureau, Washington, D. C., for the 
Climatological Division”, or to the officials in charge at the 
proper section centers. 


THE WEATHER OF THE MONTH. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records. 


PRESSURE. 

The distribution of mean atmospheric pressure for Novem- 
ber, 1907, over the United States and Canada, is graphically 
shown on Chart VI, and the average values and departures 
from the normal are shown for each station in Tables I and V. 

From October to November there is normally a substantial 
increase in the sea-level pressure over practically all portions 
of the United States and Canada, the increase being greatest 
over the interior districts, owing to the more rapid cooling of 
the continental area than of the districts near the seacoasts. 

The increase in pressure during November over that for 
October, 1907, was more than twice the average over the cen- 
tral portions of the Plateau district, while over the Lake region, 
Ohio Valley, and middle Atlantic coast districts there was a 
pronounced decrease in the mean pressure as compared with 
the preceding month. 

Over practically all districts in the United States from the 
Lake region and Ohio and lower Mississippi valleys westward 
to the Pacific the monthly mean pressure exceeded the normal, 
attaining the maximum over the central Rocky Mountain and 
Plateau districts, where an average pressure of more than 
30.20 inches was maintained. Pressure was also comparatively 
high over the extreme eastern Canadian Provinces and over 
the lower Colorado Valley and the surrounding districts of 
Arizona and California. Over portions of the Lake region 
and the Atlantic coast districts from New England to Florida 
there was a small deficiency in pressure. Pressure was also 
below normal over the Canadian Northwest Territories, where 
at Edmonton the lowest mean pressure for the month, 29.90 
inches, was maintained. 

The distribution of pressure was such as to give a decided 

reponderance of northerly surface winds over the Atlantic 
and Gulf States, while along the northern border from North 
Dakota westward southerly winds modified the weather and ex- 


tended their influence far to the northward over the Canadian 
Northwest Provinces. 

The eastward movements of the areas of high and low pres- 
sure across the country were along paths generally south of 
the normal course, and large portions of the upper Mississippi 
and Missouri valleys and the slope region were not under the 
influence of any decided storm movement during the month. 
As a result of the southward trend of the storm tracks, the 
wind movement along the Gulf and Atlantic coasts was in 
excess of the normal, while over the districts from the middle 
Mississippi Valley westward there was a general diminution 
of wind movement, which was especially pronounced over the 
southern slope, where the velocities of the wind ranged from 
10 to 40 per cent less than the average. 

TEMPERATURE. 

The unusual congestion of areas of high and low pressure 
over the Gulf States and the preponderance of northerly 
winds, with an excess of cloud and rain, brought unseasonably 
cold weather over the greater part of Texas and the southern 
portions of the cotton-growing States. Temperature was also 
below the normal over the lower Lake region, the Ohio Valley, 
and the Atlantic coast States from Florida to southern New 
England. Over the upper Lakes, the upper Mississippi and 
Missouri valleys, the districts west of the Rocky Mountains, 
and the Canadian Northwest Territories the average tempera- 
ture for the month was uniformly above the normal. 

Over the States from Minnesota westward to Idaho and in 
the adjoining Canadian Provinces the average temperature 
ranged from 6° to 10° above the normal. No severe cold was 
experienced and outdoor occupations were pursued thruout 
the month without interruption. Temperature was also some- 
what above the normal over central New England and Florida, 
and it was unusually warm over portions of southern Cali- 
fornia. Maximum temperatures between 80° and 90° oc- 
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curred over Florida, the immediate Gulf coast, and the south- 
ern portions of Arizona and California, while over the Lake 
region and New England they ranged from 50° to 60°, and 
at a few points were slightly less than 50°. Temperatures 
below zero were confined to the portion of North Dakota east 
of the Missouri River and the adjoining portions of Minnesota 
and to points in the higher levels of the mountain regions of 
Wyoming and Colorado. 

While no severe cold waves overspread the northern districts, 
unusually cold weather penetrated the Gulf States about the 
middle of the month, and temperatures of 32° or lower were 
recorded to the coast line and into northern Florida. No frosts 
occurred over the southern portion of Arizona, the lower levels 
of California, or along the coasts of Oregon and Washington. 

PRECIPITATION. 

Heavy rainfall, from 6 to 10 inches, occurred over eastern 
and central Texas, central and southern Arkansas and western 
Louisiana, also over a narrow area from southern Mississippi 
thru central Alabama to northwestern Georgia. 

Amounts slightly above 6 inches were general along the 
Atlantic coast from Chesapeake Bay to southern New England, 
and from 6 to 10 inches along the coast districts of Oregon 
and Washington. Over the western slopes of the Coast and 
Cascade ranges in those States the fall was heavy, ranging 
from 10 to 25 inches at exposed points. 

Precipitation was from 4 to 6 inches above the normal over 
the central parts of Texas, Arkansas, and Alabama, and gen- 
erally more than 2 inches above over all districts from Texas 
northeastward over the cotton region States, Tennessee, the 
Middle Atlantic States, and New England. Along the imme- 
diate Atlantic coast from Virginia southward, including the 
Florida Peninsula, precipitation was below the normal, and a 
general deficiency prevailed over the Lake region, the Ohio 
Valley, and all districts west of the Mississippi Valley, except 
over the greater part of Texas and at points on the western 
slopes of the Coast and Cascade ranges of Washington and 
Oregon. Over a large portion of California and western 
Washington the deficiency amounted to from 2 to 3 inches. 

Thruout the entire mountain and Plateau districts, the Great 
Plains from the Texas panhandle northward to Canada, and 
the upper Mississippi Valley, the amounts of precipitation for 
the month were generally less than one inch and occurred 
mostly in the form of light showers. 

In California the progress of the rainy season, the opening 
of which occurred unusually early in October, was temporarily 
suspended during November, and in portions of the State it 
was the driest month of its name in many years. 

The lack of moisture over the Florida Peninsula noted in 
the previous month continued till near the end of November, 
when general rains relieved the droughty conditions. 

Generous and well-distributed amounts of precipitation oc- 
curred over the Gulf States, Appalachian Mountain districts, 
and New England, and rain was almost continuous during the 
latter half of the month over the western portions of Oregon 
and Washington. 

SNOWFALL. 

Snow, in small amounts generally, occurred over nearly all 

rtions of the United States, the exceptions being the At- 
fantic coast districts south of Virginia, the greater part of 
the Gulf States, the lower elevations of New Mexico, Arizona, 
and California, and the western portions of Oregon and Wash- 
ington. Depths of 12 inches or more occurred in the White 
and Adirondack and in the higher elevations of the Appa- 
lachian mountains, over upper Michigan and along the west- 
ern slopes of the Main Divide from Idaho to New Mexico. 
There was also considerable snow in the mountains of Oregon, 
but over. the greater part of the Mountain and Plateau dis- 
tricts, the Great Plains, central valleys, and Lake region, the 
total fall for the month was generally less than 1 inch. 
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At the end of the month the high western slopes of the 
mountains of northern Idaho were covered to depths of sev- 
eral feet, and there was considerable snow in the interior of 
New England, in the mountainous portions of northern New 
York, and over the upper Lake region; elsewhere but little 
snow remained on the ground. 

HUMIDITY AND SUNSHINE. 

The relative amount of moisture in the atmosphere was de- 
cidedly less than the average over the entire Mississippi and 
Missouri valleys, the north Pacific coast, and at points on the 
Atlantic coast. 

Over the central and southern Plateau and Rocky Moun- 
tain districts and in western Texas the relative humidity, as 
in October and the preceding months of the year, was far 
above the average. } se western Texas, New Mexico, Ari- 
zona, Nevada, and portions of California, Colorado, and Utah, 
it ranged from 10 to 25 per cent above the normal. 

Cloudy weather was general from the Lake region and Ohio 
Valley eastward over the Middle Atlantic and New England 
States, over the greater part of Texas and the western portions 
of Oregon and Washington, where the amount of clouds 
ranged from 70 to 80 per cent of the possible. 

Over the middle Mississippi and Missouri valleys, the slope, 
mountain, and Plateau districts, there was a uniform absence 
of clouds and the amount of sunshine ranged from 60 to 80 
per cent of the possible. 

As a whole, November, 1907, was a cold, disagreeable month 
over the Gulf and portions of the Atlantic coast districts; but 
over the States of the corn belt and nearly all portions of the 
mountain, Plateau, and central and southern Pacific coast 
districts the weather was uniformly warm and dry, with an 
abundance of sunshine. 

WEATHER IN ALASKA. 

A severe cold wave for the season overspread the upper 
Yukon and the Copper River plateau during the first week of the 
month, with minimum temperatures from 30° to 40° below zero. 

During the period from the 10th to the 20th mild and gen- 
erally fair weather prevailed, but from the latter date to the 
end of the month cold weather again prevailed, the minimum 
temperatures ranging from 15° to 35° below zero and the 
maximum from zero to 15° below. 

Over the southeastern and southern districts the weather 
continued mild, with about the normal amount of precipitation 
and the usual number of cloudy days. But little snow appears 
to have fallen in the interior districts, and the depth on ground 
had probably increased but little over that at the end of the 
preceding month. 


Average temperatures and departures from the normal, — 


tee 
Average Accumu- 
tempera- lated Average 
4 tures the departures 
Districts, forthe | current since 
4 current | month, January 1. January 1, 
New England ................... 12 40.2 + 0.6 —23.0 —21 
Middle Atlantic................. 16 44.2 — 0.2 —15.8 -1,.4 
South Atlantic ...... 10 53.5 — 0.6 + 4.8 + 0.4 
Florida Peninsula* . 8 67.5 +11 +12.6 +1.1 
ll 54.2 — 15 +146 + 1.3 
10 53, 8 —2.1 + 1.7 
Ohio Valley and Tennessee. .... . 13 44.0 — 1.2 — 6.5 — 0.6 
Lower Lake ..........-.0.esee0e: 10 38.5 — 0.4 —22.5 — 2.0 
Upper Lake .............-.00005- 12 35.1 + 1.0 —14.6 — 18 
Upper Mississippi Valley 15 \ +1. — % - 
Missouri Vi ppt 12 40.0 +26 + 0.2 0.0 
Northern Slope. ................-. 9 35.1 + 3.4 —41 — 0.4 
Middle Slope 6 42.4 + 0.6 +12.1 + 1.1 
Southern Stoy 7 48.0 — 2.0 +17.2 + 1.6 
Southern 12 47.4 — 0.2 + 0.7 +01 
Middle Plateau *................ 10 87.4 +01 +10, 2 + 0.9 
Northern Plateau*.............. 12 39.9 +32 + 0.2 0.0 
North Pacific. ................05. 7 47.7 + 2.6 + 0.9 + 01 
Middle Pacific..............-.... 8 54.6 + 1.0 — 1.0 — 01 
South Pacific ...............-.00 4 59.6 + 2.6 + 7.2 + 0.7 


* Regular Weather Bureau and selected cooperative stations. 
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In Canada.—Director R. F. Stupart says : Le Average relative humidity and departures from the normal. 
The mean temperature of November was higher than the average £ g £ 2 4 
thruout the Western Provinces and in British Columbia, the widest de- Districts. < Z Districts. Z 
parture, about 10°, occurring in Alberta and Saskatchewan. In Ontario # $ g5 
the departure was very generally negative by 1° or 2°, while in Quebec < < cai 
and the Maritime Provinces the mean of the month ranged from just 
average to 2° above. From Ontario to the Maritime Provinces there 
were but two fairly pronounced cool periods, namely, from the 12th to om sreseesseceeres — 1 || Missouri Valley ............. =-§ 
the 16th, and again during the last few days of the month. South | 
Florida Peninsula............ 80 0 || Southern Slope.............. 78 
Average precipitation and departures from the normal. East Galt Southern Plate ie 
— le Plateau.............. + 
OMe Vall and Tennessee. . 72 — 1 Northern Plateau ........... 69 —3 
3 Average. Departure. Lower ley 73| + 1|| North Pacifie ............... 87 +8 
a3 Current | Pereent-| current Mississippi Valley... 72) 
month. since — 
Jan. 1. Average cloudiness and departures from the normal 
12 4.79 133 1.2 
th Atlantic ....... 10 3. 23 114 +04) 
Plorida Peninsula ® 8 1,51 68 —0.7 — 9.5 < < 
0.36 2 re Ohio Valley and Tennessee... 5.7 0.0 || Northern Plateau ........... — 0.5 
Begs... S| 7.3| + 0.1 || North —0.6 
Southern al +36 4.9 | — 0.4 || South Pacifie..2 —0.8 | 
8 0. 46 16; +038 Maninam wind velocities. 
* Regular Weather Bureau and selected cooperative stations. Stations, 3 Fi Stations. 3 : 
: 3 
In Canada.—Director Stupart says: | 4 | 
The precipitation was heavy over the lower mainland of British PORT cdecencvcsess 6 50 nw. | Nantucket, Mass........ 6| 68 e. 
Columbia and comparatively light on the upper mainland; 13.4 inches Block B. 
were recorded at Vancouver, 8.4 inches at Agassiz, and but 0.6 inch at 24 Do. 25| 55 ne. 
Kamloops. In the Western Provinces it was almost nil, ranging from DP Ptneranetansecscicce 2 64 ne. | New York, N. Y.. --| 14] 52) nw, 
just a few snow flurries in Alberta to an aggregate of 0.15 inch of rain sevens Head, 
and about 4 inches of snow in Manitoba. Over the greater portion of eo ae a ate aaa 19| 68 se. 
Ontario the precipitation was part rain and part snow, but chiefly the Chicago, Ill.............. 52 sw. 20; 60 s. 
former. It was generally in excess of the average, except near the shore leve'and. Ohio.......... ai 
lines of the lakes, where there was a small deficiency. In Quebec and 21 50 sw. | Mos. 
the Maritime Provinces departures from the average amount were not Eastport, 62 se. 
pronounced, except in Prince Edward Island, where the quantity re- 
corded was much below the average and decidedly less than in New | 17| 69 nw. 
At the close of the month there was a light covering of snow over the Cored, | 
whole of Quebec and over the larger portion of Ontario, while in parts yfoun? ‘Tasnal | Southeas Island, Wash.» 
of this latter province east and north of the Georgian Bay as much as 12 56 sw. 
inches was reported. In northern New Brunswick there was also a light ovens 
Nova Scotia there was but a trace here and there. In Manitoba there _ 50 nw. 9| 
was from half an inch to 2 inches, but farther west all the prairie lands Mount Weather, Va...... 3] Secsctersstseersoees oi aie 
were quite bare, as were also the lower levels in British Columbia. 
Do.. 2% 58 ow. %| 72 ». 
Toledo, Ohio... 2| 58 s. | 
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CLIMATOLOGICAL SUMMARY. 


By Mr. James Berry, Chief of the Climatological Division. 

TEMPERATURE AND PRECIPITATION BY SECTIONS, NOVEMBER, 1907. 

In the following table are given, for the various sections of lowest temperatures, the average precipitation, and the great- 

the Climatological Service of the Weather Bureau, the aver- est and least monthly amounts are found by using all trust- 
age temperature and rainfall, the stations reporting the highest worthy records available. 

and lowest temperatures with dates of occurrence, the stations The mean departures from normal temperature and precipi- 

reporting greatest and least monthly precipitation, and other tation are based only on records from stations that have ten 

data, as indicated by the several headings. or more years of observation. Of course the number of such 

The mean temperatures for each section, the highest and records is smaller than the total number of stations. 


November, 1907. 


. Temperature—in degrees Fahrenheit. Precipitation—in inches and hundredths. 
Monthly extremes. | H Greatest monthly. Least monthly 
| 
Alabama 61.4 2.1 Valley Head........ 16 15,16] 615 + 8.17 | Mobile.............. 9.90 | Flomaton........... 2. 50 
53.1 |— 0.8 || Parker.... 92 4) Chlarsons Mill. 9 24] 0.93 — 0.14 || Huachuca Reservoir, 4.78 | 5 stations .... 0. 00 
.0 1.6 84 10 13] 5.71 + 2.08 || Benton.............. 9.32 || Pond.......... 1.97 
d + 1.0 92 2,5 | Tamarack ..... 4 18} 0.28 — 2.50 || Monumental........ 8.77 | Many stations ..| 0.00 
—1,1 79 6 | Wagonwheel Gap... —14) 21] 0.34 0.17 || Rocky Ford.........| 2.00 || Alamoso............ 0. 00 
— 0.8 92 22 || Molino..............| 26 14] 2.54 + 0.88 || Wausau............. 18.63 || Orlando... .........| 0.29 
—1.5 90  22/|| Greenbush... ....... | 21} 159 5.16 2.54 || Clayton............. 8.77 || St. Marys............ 1.07 
89 1,4 || Humuula, Hawaii... 36 26] 5.90}... .. .|| HonomanuVal. Maui) 25.04 || 2 stations........... 0. 00 
36.9 1.1 |S 1¢|| Roosevelt........... — 3 26] 1.25 — 0.86 || Wallace............. 5.87 || Driggs.......... ... 0. 05 
ee 40.1 |\— 0.5 || Mount Vernon...... 73 2) as oa 16] 2.31 — 0.37 || Cobden............. 5.17 || La Harpe........... 0. 90 
Indiana..........--.+++- 89.7 |— 1.7 || Rome............... 75 8 || Northfield .......... 16] 2.79 - 0.80 || Mount Vernon...... 4. 83 || Lafayette ..... 1,382 
96.7 |+ 1.8 || Baxter.............. 68 6 |] —4 1.03 — 0,29 Dy. 2.27 || Sioux City.......... 0. 05 
42.6 |+ 0.1 12] 0.82 |— 0.17 || Oswego ............. 2.28 || $ stations...........| T. 
Kentucky.. | 44.2 |— 2.3 || 3stations........... 75 | 30] 3.49 — 0.26 || Blandville.......... 5.47 || Frankfort...........) 1.21 
85.6 |— 8.8 || Schriever...........| 9 8 |$Piain Dealing.” 5-84 + 2.15 || Logansport 10.82 || Robeline............ 8. 25 
Maryland and Delaware} 43.1 |— 0.4 | Parks 7) Deer Park, Md...... 30] 5.88 + 2.45 || Coleman, Md........ 8.45 || Delaware City, Del..| 8. 30 
Michigan ............... 35.2 0.5 —3 2.15 — 0,36 || South Haven........ 5.84 || Plymouth........... 0. 35 
vew Ulm .......... ackduck.......... — 8 
Mississi 51.9 2.8 || Aberdeen........... 85 Fayette............./ 14] 5.56 + 2.33 || Waynesboro........| 9.40 || Clarksdale.......... 3.18 
43.8 0.1 || Eldorado Springs...| 88 13] 2.52 + 0.24 || Caruthersville ...... 6.03 || Sublett.............. 0. 55 
35.8 |+ 4.8 || Billings.............| 72 6 7} 9.48 0.80 || Snowshoe........... 9.08 || 3 stations ........... 0.00 
Callaway............ 
Nebraska 87.0 0.4 12] 0.29 — 0.85 || Syracuse..........-. 2.12 || 8stations........... 0,00 
40.2 0.9 = 29] 0.21 — 0.55 9 stations........... 0.00 
New England*.......... 38.0 0.0 Millinocket Me 69 3 20] 5.06 + 0.95 || Kingston, R,I....... 8.03 ||} Houlton, Me........ 2.10 
New Jersey ... ef 48.5 0.0 || Browns Mills. 68 5,9 15} 5.65 + 2.34 || Egg Harbor City....| 6.95 || Hightstown......... 4.19 
New Mexico ............ 40.5 |— 1.9 || 4 stations.... 80 4 dates 19] 0.82 0.00 || Clouderoft.......... 4.00 || San Marcial......... > 
36.8 — 0.4 3 30] 3.63 + 0.71 || Ticonderoga ....... 1, 08 
North Carolina ........, 48.2 |— 1.4 Pines... 80. Banners Elk........ 80] 4.78 + 1.95 || Horse Cove......... 9.22 || Clinton............. 1.58 
North Dakota........... 90.2 |+ 6.0 || Pratt........4....... 85 14] 0.09 — 0.60 || Edmore............. 0. 60 || 2 stations ........... 0. 00 
CE céscaves 4 39.1 |— 1.9 || Ironton............. 71 8 || Bladensburg........ 15] 1.98 — 1.05 || Jacksonburg........ 3.58 || Oberlin.. .......... 0. 72 
Oklahoma............... 47.7 |\— 1.8 || Chattanooga........ 86 5 || Kenton ............. 12] 1.59 — 0.51 || Idabel... ...........| 6.22 || Harrington.........) 0.17 
Oregon ...... 1.7 || Bay 20 4.91 — 1,02 |) Glenora............. 25,45 || Huntington.........| 0.01 
Pennsylvania ........... 39.8 \— 0.7 || Derry Station....... 70 21 || Pocono Lake........ 30 | 3.60 + 0.57 || Coatesville.......... ts) Sere 1.05 
Porto Rico.............. 76.4 |....... Central Aguirre.....| 98 13 29 Sabana Grande...... . 04 | Guayama........... 0. 56 
South Carolina ......... 4 52.2 |— 1.9 || Anderson. .......... 87 5 : 4.138 + 1.82 || Greenwood ..... ... 8.25 || Charleston.... ..... 1,22 
South Dakota ........... 34.9 |+ 3.5 || Philip...... 79 6 12] 0.05 — 0.55 || Vermilion........... 0.25 || 2 stations..... 0. 00 
Tennessee ............. 4 46.5 — 1.6 | Ashwood.. 79 8 || Rugby..... 14] 4.82 + 0.91 || Loudon 6.55 || Elizabethton.. 8.15 
eee 53.3 |— 3.3 || Falfurrias. 90 9 || Plemons............ 12] 5.40 + 3,60 || Crockett............ 13.60 || Channing. ........ 0.29 
4 87.4 |— 0.6 18] 0.34 — 0.64 || Sunnyside... ..... 0.80 || St.George........... 0. 00 
CT hcenatecasiceaes 4 44.7 |— 1.5 || Norfolk............. 76 9 || Burkes Garden......| 1 17] 4.84 + 2.38 | Big Stone Gap...... 8.35 || Marion.............. 2.94 
Washington ............} 43.7 2.7 | Ephrata............. 78 2 || Northport........... 1 274 4.61 0.69 | Clearwater.......... 26.22 || Sunnyside .......... 0.19 
West Virginia ......... 41.8 —1.6 4stations........... 13/8 dates] 3.40 + 0.13 || Leomard............ 7.05 || Spencer............. 1.41 
Wisconsin .............. 33.8 |+ 1.0 || Beloit............... 60 27 || Prentice............ 14] 1.20 bes 0.42 | Sturgeon Bay....... 2.26 || Crandon............ 0. 20 
Wyoming............... 32.3 |+ 0.7 || Pine Bluff...........) 79 | 5 || Fort Laramie....... —1 12 0.87 — 0.27 Snake River,Y.N.P.| 1.41 || Lusk oe 0.00 
* Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut. 51 stations, with an average elevation of 701 feet. 1 144 stations. 


DESCRIPTION OF TABLES AND CHARTS. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records. 


For description of tables and charts see page 30 of Review for January, 1907. 
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Elevation of sop | ‘Temperature of the air, in degrees oh Precipitation, in — 
instruments. Fahrenheit. | 
| | 
Stations. 
| 
| E | 
New England. | 
Portland, Me........ 1 30, 11 
eee 22 
Nantucket .......--- 30. 0 
Block Island .......- 30. 
32 30, 05 |— 30 ; 2 6 
0.04 — 15 24 2 
0 
2 
1 
0 
i 
4 
2 
Ww 
2 
4 
| 
1 
) 
1 
9 
Piorida Peninsula. 
Jupiter... 1 
Key West......-.--- 7 
Sand Key ........++- 
Bast Gulf States. 
Atlanta 
Thomasville ........ 8 
Pensacola ........... i 
rmin, 3 
on 2 
Vicksburg........... 9 
New Orleans ........ 9 
West Gulf States. 
Shreveport.......... 8 
Bentonville......... 5 
Fort Smith.......... i 
Little Rock ......... 
Worth......... 9 
Galveston........... 5 
San Antonio........ 
Taylor .............. 
Memphis............ 8 
11 
xin 9 ( 
8 
Cincinnati.......... 10 
10 f 
4 
767 80. 18 | 32 12 
Canton.............. 30. 0 28 | 90 |....)... 11 | 8,6 
338 30. 0 $3 23 36 33 12 8,4 . 
Rochester............ 523 30. 84,22 35 31 13 6, 
597 30. 0 SB BF 14 7,3 
30. 0 3% 18 86 31 10 9,3 
Cleveland ............ 762 80. 21 (80 7 10,7 
Sandusky ........... 629 30. 0 94 | 94 |..../... 6 | 6,1 
Toledo .............., 628 30. 33 9 10, 
Detroit .............| 780 30, $2 19 36 34 10 10,213 w. 
30.0 2% 2 31 «28 7,724 w. 
612 30. po 28 26 7 7,459 nw. | 
Grand Haven........ 682 30. 1 31 21 84 30 13 9,414 w. 
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Southern Slope. 
Amarillo............ 
Roswell............. 
Southern Plateau, 
Phoenix ............ 
n mdence ..../. 
Middle Plateau. 0.1 
0.3 
4.0 
Winnemucca ...... 0.8 
Modena ............ 3.9 
Salt Lake City ...... 9.2 
Grand Junction .... 
Northern Plateau. 1.4 
Baker City.......... 0.7 
Lewiston ........... 1.2 
Pocatello ........... T. 
Spokane ............ 
Walla Wallat...... 
N. Pac. Coast Reg. 
North Head......... 
Port Crescent ....... 
and, Oreg...... 
Roseburg ...........! 
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Record incomplete. 


* More than one date. 


TABLE II.—Climatological record of cooperative observers, Ni 
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| 
Mid. Pac. Coast Reg. 
| 
Red 
Sacramento .........| 
San Francisco ......| 
San Jose ............! 
Los Angeles ........| 
u eee 
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TABLE II.—Climatological record of cooperative observere—Continued. 
Temperature. Precipita- Temperature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion. 
a a 
| gid : 
i a = a E a 3 
Towa—Cont’d. © Ins. Ins, | Ins. | Ins. td. o | Ins. | Ins. 
Clear Lake 56 9 | 35.3, 0.78 1.0 75 4 40.5) 0.45 1,0 || 75 46.8 | 3.18) T. 
Clinton eae 13 | 36.7 | 1.31 2.0 72 13 | 44.2) 0.75 Greensburg .........-..-- 73 16 | 42.2) 3,79) T. 
Columbus ‘Junction . 58 17 | 38.9 0.83 T. 73 3 | 39.6; 0.29 0.3 || Hopkinsville ............. 74 19 | 45.4) 4.25 
59 11 | 37.0) 1.45 0.2 75 10 45.0| 0.22) T Irvington 67 24 | 48.4) 8.99) T. 
39.8 | 0.91 |...... 73 17 44.5 | 2.08 1.0 || Leitchfield ............... 70 19 | 48.7) 402) T. 
37.4 1.60 0.5 ge 78 0 | 40,1 | 0.28 T. Loretto ........ 18 | 44.4) 1.75 
1.42) T. Cotton wood Falls. . 16 | 428) 1.02| T Lynnville ..............- 73 20 | 46.38) 4.00) T. 
35.8 1.40 1.0 || Cunningham............. 80 13 47.1) 0.45) 1 Maysville: 70 17 | 41.6 | 2.48 
34.6) 1.02 3.0 || Dresden 70 3 40.4| 0.30) T Mount Sterling .......... 69 42.6 3.57 
87.6 | 1.65| T. 71 16 43.8) 1.15) T Owensboro ............--- 76 4.45 
38.5) 1.10 T. 75 11 42.6) 0.18) T Owenton 70s} 254) 41.8"). ..... 
34.6 0.85 0.8 || Elisworth ...............- 75 10 424) 0.18 Paducah ............+++-+ 71 26 | 47.3) 4.76 
be Emporia 72 18 | 44.0) 0.85 72 23 | 44.4) 3.08 
36.4) 1.33 T. Enterprise ...........---- 73 15 42.6) 0.69) T. St. 71 20) 41.2) 419 
82.3 | 0.76 1.6 || 69 16 | 42.0) 0.84) T. 65 21 | 41.9! 2,82 0.1 
94.23] | GS 1.50! || Shelby City .............. 71| 16| 425) 4.05| ‘1. 
34.0 1.67 3.4 |] Pall River... 75 17 44.8) 1.40) T. Shelbyville............... 69 18 | 40.6 3.15 
34.5 1.05 0.5 | Farnsworth .............. 76 40.6) 0,22 0.5 || Taylorsville.............. 69 18 | 42.0) 331) T. 
35.2 1.30 1,5 || Fort Scott............++.- 77 17 | 44.0) 1.79 T. West Liberty............. 73 18 | 44.6 2.85 { 
Frankfort............-..- 78 12 41.3) 1.45) T. Williamsburg ...........- 75 19 | 43.5 5.00 2.5 
0. 99 1.5 || Fredonia............... -| 78°  18¢| 45.3¢) 1.40) T. Williamstown....... ....| 67 21 41,4) 2,28 : 
34.7 | 1.38 3.5 || Garden City ......... ... 78 4 39.8) 0.16 0.1 j 
38.4) 6.88 T. cc 74 15 | 44.8) 1.61) T. Abbeville ....... 83 27 | 56.8), 5,42 
37.0 | 0.90 0.5 || Goodland................. 72 4 39.9) 0.50 2.0 81 26 | 54.9 5,25 } 
37.1 | 0.77 1.0 || Gove*!. ... 74 8 | 40.8 | 0.34 Baton Rouge............- 81 26 | 54.2 | 3.98 
87.2 | 0.99) T. Greensburg 9 | 43.2 T. Burnside 88°} 56.6*| 5.00 } 
36.1 0.92 1.5 || Gromola 75 14 44.7) 1.60; T. Cameron . 32 | 58.6 6,01 
38.4) 1.59 T. 738 13 | 41.8 1.58) T. Cheneyville . . 84| 50.4 3.49 | 
36.6 | 053 T. 66 0.17) 'T. 80 27 | 65.4) 6.62 j 
$5.3| 0.96, 1.0 || 73 #+%2|40.0/ T. || Collinston................ 78| 2/514) 4.54| T. 
36.8 | 0.56 0.5 || 67 16/420) 155) T 30 | 55.6) 5,91 \ 
Indianola ..............-- 59 16 | 37.8 | 1.34 0.4 |] Howard 1,45 | T. 30 | 57.6 4,96 
60; 5|35.5| 0.09 0.8 || 70 88.4 | 0:40 6.12) T 
Towa City 58 12 | 36.8) 1,07 0.5 || Hutchinson .............. 74 15 | 43.8 | 0.56 21 | 54.3 6.56 
Iowa Falls ..........-.--- 56 10 | 34.8 0.84 1.0 || [ndependence............ 7% «19 46.2) 204) T. 82 | 58.4 6.79 
Keosauqua ..........+..-- 60 12 | 37.6| 097) T. 79 6 | 42.4) 0.15 0.5 19 | 62.2) 888) T. 
1, 48  @ 10 | 41.6 | 0.13 27 | 57.6 7.70 } 
Larrabee 57 9/346) 0.42 T. La 76° 6*| 43. 0.32 81 | 56.8 | 4.10 
58 9 36.7) 0.52, ..... sconces 73 3 39.8) 0.15 26 | 56.6 4.87 
61 12 | 38.0) 1.32 0.2 77 41.4) 0,18 27 | 55.0 | 6.01 
60 16 | 38.4) 1.37 4.2 || Lebanon 68 14 | 41.8 | 0.18; T. 29 | 55.7 4.70 
Little Sioux 65 10 | 38.2) 1.09 T. 73 18 | 42.8) 1.29) 29 | 57.6 | 7.24 
63 13 | 37.8 | 2.27 1.5 |] 82 6/448; 0,29). ... 35 | 59.2) 5.48 
Marshalltown ...........- 58 12 | 35.7) 1.066 T. | McPherson ..........---.- 71 15 | 42.9) 0.62 26 | 56.4 6.45 
Mason City .............- 54 8 | 34.2 0.68 08 || Madison..................| 76) 16/466) 1.43) T. 17 | 50.7 | 7.78) 'T. 
66 11 | 38.0) O94 T. Manhattan ............... 77 16 | 42.2| 1.14 20 | 52.9| 5.12) T. 
ee 66 16 | 39.6 1.56 2.0 || Manhattan Agr. College. . 75 15 | 41.4] 1.12) T. 19 | 53.3) 5.95 
Mount Pleasant .......... 60 16 | 38.6; 1.23) T. 67 17 41.3) 0.9 28 | 58.1) 4.52 
62 14 | 38.8) 1.31 2.2 | Minneapolis.............. 71 13 | 40.6) 0.36) T. 25 | 56.6 5.78 
New Hampton............ 51 9 | 33.9 | 0.75 1.0 || 73 17 | 45.1) 1.71) T. 17 | 51.8) 8.62| T. 
57| 13|387.8| 1.04| 1.0 || Mount Hope ..........-.. 0. 68 28 | 57.3| 7.30 
Northwood.............-- 54 8 | 34.4) 0.93 cc 1.13 28 | 67.5 | 4.85 
66 9 | 37.1 | 0.97 0.2 || Norton .. 7 —4 87.4| 0.20! T. || Robelime.... 8.25 | T. 
58 12 | 36.4 1.26 3.0 || Norwich 77 16 45.5 0.81) T. 22 55.8 | 5.80) T. 
62 14 | 39.2) 0.59 0.5 |] 0. 30 1,0 29 | 58.8 | 3.59 
57 8 | 35.2) 0.88 2.0 || Olathe. 71 16 1.45) T. || Southern University .....|......|.--..- 
Oskaloosa 58 13 | 37.8 | 0.94 0.2 || Osage City ....... 73 15 | 41.7 | 0.93 85 | 58.4 5.15 
WR. 0000 67 17 | 40.1) 1.30 WORD. 77 | 2.23) T. 27| 54.3) 4.48 
Pacific Junction.......... 64 14 | 38.0) 1.53 T. 75 16 42.2| 1.54) T. 18 | 52.8 4,82 
58| 16|88.9| 0.92|...... || «16: | 42.0| 1.48| T. 
60 12 | 36.6 | 1.23 2.5 5i| 37.8); 0.18) T. 17 | 38.4) 5.30 1,0 
Plover... 58 2 33.0) 1.30 2.0 || Plainville ................ 72) 6)| 42.8); 0.15 12 | 34.2) 6.04 6.0 
Pocahontas. .............- 58 8 | 33.6) 1.58 1,8 || 72 18 | 43.3!) 1.47) || Damforth 3. 48 0.1 
Ridgeway 59 8 | 36.6) 1.89) 2.2 || 11 | 44.2) 0.46 17 | 34.7 | 3.66 8.0 } 
Rock 60 8 | 34.4) 0.10 1.0 Republic 65° 9>| 37.84) 0.10) T. 10 | 33.8), 4.50 3.0 
06.00 60 9 | 35.7) 1.35 1.0 75 18 | 44.8 1.11 18 | 36.6 4,97 4.0 } 
Charles 64 15 | 40.2 | 1.08 1.3 || Russell. 41.8/ 0.18 10 | 34.2; 210) T. 
7 | 35.8) 0.52 5.0 || 73 | 12) 43.0) 0.28) T. 16 | 35.5) 4.25 2.6 
4 | 32.9) 0.85 1.0 || Scott 79 | 4/414) 0.16 0.2 11 | 33.7 | 6.28 1,9 
5 | 38.0 | 0.93 0.5 73 18 | 44.9) 1.85 15 | 32.2 | 5.35 4.0 
9/347) 0.18 1.0 || Toronto...... 81 17 | 46.2 | 1.80 11 | 34.2) 3.75 2.0 
3 | 39.2) 1.05 T. 74° 40.4¢) 0.20) T. || 4. 80 9.0 
' 36.1 | 0.78 0.8 || Valley Falls 70 16 | 42.2| 1.46) T. 10 | 85.6 | 4,22 1,0 
38.4) 1.74 T. Wakeeney 74 41.4) 0,17 16 | 34.6 | 5.30 3.0 
38.6) 1.13 (MOAT)... 0.25) T. 16/343) 5.14 2.5 
36.0 | 0.75 0.5 || Wallace . 75 0| 39.3) 0.21) 1. |] The Forks... 4. 76 5.0 
088 0.2 Walnut... ee 17) 45.5) 1.87 0 | 30.0 | 3.00 2.0 
A 70 18 | 44.0 | 1.25 16 | 35.6) 4,49 2.0 
1 0.5 ‘entucky. faryland, 
87.8| 0.92| 1.0 || 69 22/ 45.4| 480 Annapolis ..........-..-- 6o| 619) T. 
37.7 | 1.51 3.5 | Anchorage . | 41.5 | 3.26 0.5 Valley......... 59 23 42.6) 7.31 1.0 
96.4) 1.06)...... Bardstown . 72, 21/486) 2.98 bridge 65| 26 | 46.5) 6.65) T. 
35.8 0.74 T. Beattyville . 73 3.80 1.0 || Chestertown.............- 63 29 | 45.1) 7.81) T. 
33.8 | 1.49 0.3 || Beaver Dam 71 18 | 41.8 | 3.42 Chewsville 62 19 | 40.8 | 3.79 1.5 
35.7 | 0.88 1.0 || Berea...... 72, 44.4) 5.37| T. 61 24 | 39.9) 415) T. 
35.6 095 Blandville.. 71 2 47.2) 5.47)|...... || Coleman 64 27 | 46.1 | 8.45 
38.0 | 0.83 0.5 || Bowling G 71 | 377) T Coltege Paik (Mii ex. Sta.) 70 19 | 42.8| 4.64) T. 
39.0 | 0.45 3.5 || Burnside 69 19 | 45.4) 3.82)°T Cumberland. .... 3.69) T. 
35.6 0.90 0.6 | Cadiz 72, #19 | 46.2) 8.62) T Darlington 61 26) 44.9 6.44) T. 
Calhoun 71°, 22 45.1) 4.18) T. Denton 65 22 45.4) 8.28) T. 
Catlettsburg.............- 74 21 | 46.8| 238) T Easton.. 64 27 | 46.4) 7.35 
47.0 1.18 Earlington 75 43.5) 4.19 Emmetsburg .. 60 25 | 42.8 5.31 0.5 
043 T. Edmonton.. 68 18 | 44.3) 4.20 0.1 || Fallston... 60 24 | 48.1) 6.93 1,0 
42.3) 0.94 T. 70 19 | 41.9) 432) T. Frederick 63 48.0 451 1.0 
4.6) 149 T. 15*) 48,8%)....... Grantsville .............. 61 16 | 36.7) 4.60) 10.0 
42.6' 0.80) Frankfort .............-. 68 19! 1.21 2 '42.9' 4.25'...... 
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TABLE II.—Climatological record of cooperative observers—Continued. 
Temperature. Precipita- Temperature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. ( it.) tion. (Fahrenheit. ) tion. 
° 
a 
Missouri—Cont’d. o | o © | Jus. | Ine. Montana—Cont'd. o © | © | Ins. | Ins. va. | © | © | © | Jas, | dns, 
Houston 72 8.45 | 12.0 || Oakland.................. 77 11 | 0.90)...... 
15 42.6) 3.85) T Springbrook.............. 69 1/338) 0.02; T 0. 00 
78 19 46.6 4.02) T. 8 | 41.2 |....... GL 
Jefferson City ...........- 67 18 41.0); 1.23 68 0 | 33.4 66 12 | 39.6 | 0.62); T. 
Joplin. 73 19 46.2) 2.55) T. |} 17/854] T. ?. Pawnee City ............. 66 11 40.6) 0.92; T. 
Kidder 25 440) 60 23 | 36.8 | 2.31 13.4 || Plymouth.......... 11 | 40.8 | 0.63 
Koshkonong .......------ 76 20 46.6, 3,72| T. 1.61 Purdum ....... 70 1 | 36.6) 0.10 1.0 
77 22 45.2) 1.84) T. 61 9 | 37.4 Ravenna..... 70 6 | 37.7) 0.04 0.2 
1.61] T. 69 —5 | 35.7 A Redcloud .. 69 39.0! 0.17) T. 
Lebanon .........-.- 78 18 44.0) 1.26 70 20 | 46.2 0. 06 
Lexington ........ 70| 19 136 T 210 
Liberty ........- 67 16 42.4) 1.40) T. Ainsworth ............... 70 4/369, 0.05) 0.5 T. 
Lockwood ..... 76 18 45.2/ 2.90) T. T. 0. 20 1.0 
Louisiana... 66 12 41.2) 1.52) T. 68 38.4, 0.26) T. 0. 35 8.5 
Marble Hill . 74 18 43.6) 4.40 70° 35. 4°; 0.05 0.5 0.10 1.0 
Mexico.........- 67 17 41.0; 1.48/ T. 40.5; 0.79) T. 
Mountain Grove . 70 0. 06 0.10 1.0 
Mount Vernon .. 82 15 45.6/ 375) T. 0.10 
Neosho ..... 74 14/452) 291) T. 40.6 | 0.82) T. 2.12 
5.80 39.8 1.34) T. 40.0; 0.83) T. 
New Palestin 67 20 44.0/ 1,29; T. 39.4) 0.21 1.0 38.4; 0.90) T. 
Oakfield .... 68 20 446) 1.96) T. 40.4) 1.81) T. gt 39.9; 0.79; T. 
Olden ... 73 | University Farm......... 67 13 | 39.8) 1.08 
63 13° 39.8) 1.40, T. B 64 39.4 1.07/ T. 0.25) 'T. 
72 22 44.8; 3.63) T. Bloomfield ..............| 69 6 | 36.2) 0.09 0.5 || Wakefield 68 7 | 87.4) 0.08 0.3 
70 18 | 43.0; 2.12; T. Bridgeport ............... 71 33.6) 0.60 GO 0. 20 2.0 
Charles ..............- 67 18 43.6/ 1.73 Broken Bow.... 73 | 37.0} 0.06; T. Weeping Water .......... 65 12 | 38.2/ 1.42) T. 
1,40 0.81 | T. Westpoint. ... 68 10 | 39.1 | 0.30 
Sikeston 73 19 45.8} 5.17) T. 0. 00 cc 0. 00 
Steffenville .............. 70 15 42.4) 1.66 77 0 | 40.3 =. 0.10 1.0 
62 13 | 39.8) 0.55. T. Cambridge 38.5) 0.27 1.5 || Winnebago).............. 58 
61 16 40.2) 1.18) T. Comtral City... 0. 00 0.39 0.5 
Unionville ............... 60 13 89.5) 1.25; T. 1,52 
75 69 14 | 38.6) 0. 69 9/ 40.0; 0.15; T 
Warrensburg... ......... 75 19 445) 1.43) T. 64 12 | 40.0 | 0.26 Nevada, 
Warrenton ............... 64 18 41.8; 2.05) T 0.23 70 12 | 0.44 
06006 6 80 15 44.4) 1.69/ T. 66 4 | 34.7 T. T 65 14 | 38.2) 1.00/ 10.0 
6000000 1, 52 66 14 | 39.4) 0.17) Battle Mountain.......... 57 26 | 39.0 | 0.00 
Willow Springs .......... 72 13 44.2) 3.03 67 15 | 41.4/ 1.76) T. Beowawe*5...............| 61 20 | 44.4) 0.20 2.0 
56 138 37.0 T T. Carson Dam.............. 69 20 | 41.2 | 0.26 0.0 
63 14 | 96.2) O11)...... 0.00 Clover Valley.............| 64 10 | 37.0 | 0,27 1,2 
69 . 0. 33 0.3 || Columbia 62 14 | 40.4 0.00 
72 5 40.2) 0.10) T. T. 76 18 | 39.8) 0,21 
0 29.64 0,58 5.5 || 66 34,1 | Fenelon ..... 1.00} 10,0 
Broadview ......... ..... —4 36.0) 0.04; 0.4 || Fairbury................ 738 12: | 41.5 | 0.64) T. Fernley 68; 424) T. 
69' —7 384.0) 0.28 2.4 || Fairmont ................ 71 8 | 37.0 | 0.20 0.10 1.0 
59 18 36.6) 0.10 1.0 || Fort Robinson ........... 72 32.6) O11 0.2 || 69 17 | 40.2 | 0.20 20 
Canyon Ferry............ 57 16 86.4/ 0.22)...... 68 39.0; 0.18) T Halleck *5................ 10 | 38.2 | 0.21 2.1 
62 @@i...... Fremont ...............-- 67 13 | 39.3) 0.60) T Humboldt*!.............. 74 30 | 49.0 | 0.05 0.5 
Chester... . 63 1 31.5) 0.02 0.2 || Fullerton................. 70 9 | 37.7 T. yf 74 38 | 57.9 0.00 
68 4 386.1 | 72 9 | 39.4) 0.15) T. Las 78 22 | 52.6 | 0,00 
Columbia Falls........... 58 10 35.2) 0.37 1,2 || Genoa (mear)............ 67 11 | 36.7; 0.05) T. Leetville ......-. 67 18 | 40,4 | 0,34 
2.0 || Gering ........+. 0.45 4.5 || Lewers Ranch............ 65 18/425; T. | T 
Crow Agency............. 70; —1 0.35)...... 78 28 | 0.00 
62 16 35.6 | 0.27) 0.5 enburg..............| 76 —8 | 87.4| 0.20! 20 || McAfees Ranch ..........| 64) —1 33.4 | 0.00 
70|—4 385.0) 0.20 2.0 || Grand Island............. 70 9/ 39.0) 0.05) T. Mill City®?...............| 64 18 | 38.7 | 0.60 6.0 
Dillon ... 66 16 0.29 2.6 69 — 6/| 35.5) 0.30 BO || Millett 65 36.0) 0.00 
67 1 34.8 68 5 | 38.4) 0.02 0.2 || Mima............. 58 21 | 37.8 | 0.00 
T. T. Guide 0.33 Palmetto 60 8 | 87.4) T. | T. 
Fort Benton.............. 62 10 37,2 T. 74 38.0/ 0.08 57 6 | 32.5 | 0.20 3.5 
62 13 38.6 T. 70 9 | 37.3 T. San Jacinto .............. 63 10 | 35.0 0.50 5.7 
ee 57 12 33.1) 0.67 69 8 | 36.4) 0.18 Soda Lake................| 67 20 | 42.0 | 0.35 
G 68 0 32.6 68 12 | 38.7 | 0.10 Squaw Valley.............| 68 34.2) 0.00 
61 31.9) 0.06)...... Hayes Center ............ 70 —2/ 382) 022) 22 || 70; 14/88) T. T 
! 9 32.3) 0.00 Hay Springs.............. 73 —9 33.4); 0.10 1.0 || Verdi*!........... 68 20 | 40.4 |....... 
Graham.................. 69; —1 35.0) 0.14 1.4 || Hebron ...... 70 11 | 40.0; 0.10; T Wabuska ................ 10 | 38.4) 0.02 0.2 
Great Falls......... ..... 61 15 39.6 T 72 8 | 40.4) 0.05 0.5 || Alstead 55 15 | 34.6) 4.64 6.0 
68 17 39.6) 0.40| T Hooper*! ........ ...... 65 18 | 87.4) 0.338) T. Bethlehem... ..... ..... 56 6 | 82.0; 2.49 8.0 
0.06 | T Imperial ................- — 5) 37.6) 0.2 3.5 || Brookline...... 60 18 | 38.7 5.08 3.2 
0.70 7.0 || Kearney ....... 67 38.4) 0.13 )...... Pham, 58 18 | 37.5 | 4.38 2.5 
Huntley. 2 89.2; 0.05; T. 73 34.8)| 0.50 5.0 || Franklin Falls.... 60 12 | 35.2) 4.44 4.0 
70|—7 35.6) 0.00 70 5| 37.2) T. | T. Grafton 55 1 | 82.6) 8.59) 40 
68 70 10 | 87.4) 0.73) T. Hanover 60 $4.2 3.15 4.6 
62 14 39.9 0.34 1.0 | Lexington 69 8 | 37.4) 6.05; T. Keene ..... 60 15 | 86.4 3.44 4.1 
Lodge Grass ............. 69 1 35.9; 0.40 1.5 Lodgepole ..... eee 72; —8| 0.50 5.0 || Nashua ..... 58 16 | 87.3 | 6.06 8.5 
62 10) 37.4, 1.40) 14,0 up... 67 5 | 36.0 T. OWLOD 60 17 | 37.2 | 5.72 1,0 
60 87.74, 0.22; T 72 0 36.0) 0.10 1.0 +} Plymouth ......... 55 3/332) 4.26 22 
63 22 «39.38 0.60)...... Asbury Park ............. 61 29 | 44.7| 5.65) T. 
0.71 10.0 || Madison ................. 65° 38.0°) T Bayonne 61 2% 48.6) 497) T. 
60 10 34.4) 0.56 )...... Marquette ....... 0.09 | Belvidere ................ 64 20 | 42.0)/ 6.8% 2.3 
62 10 35.0) 0.10 RY 0. 02 0.2 || Bergen Point...... 64 25 | 43.8) 6.60 0.2 
66 38.2) 0.15| T. 71 8 | 38.4) 0.18 0.1 || Beverly 63 21 | 43.6) 6.12) T. 
Pleasant Valley .......... | 89 6 82.4) 1,14 0.08 | T. 24) 45.4) 5.97) T. 
70|—2 349 A Nebraska City............ 66 13 | 39.8) 0.85) T. Brown Mills..... ........ 684; 42.8) 5.36) T. 
60 10 38.0 | 0.07 CG: 1.85 | T. Burlington .............+. 5.47 0,2 
62 7 | 33.2) 0.78 72 | 9 | 37.0 | 0.02 0.2 0.0. 6.23 | T. 
60| 19 0.12| 1.2 || North Loup.............. T. | T. | Cape May C. 6.16) 1.5 
Ridge Lawn... ........... 68 0 32.4 7 40 65 6 1! 0.02 0.1 | Charlotteburg............ 40.0! 6,52. 1, 
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TaBLE II.— Climatological record of cooperative observere— Oontinued. 
Temperature. Precipitae- Temperature. Precipita- Temperature. | Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion, 
| 
Stations Stations a, | 4, Stations, 
a a 
| : 
| 
| j | 
North Dakota—Cont’d. © |} | | Ohio—Cont’d. | | Ins. | Ins. || Oregon—Cont’ d. Ins. | Ins. 
Valley City 57|— 3 30.7/| 0.10 1,0 | Zanesville ............... 1.11) T. | 61 23 | 40.0/ 11.08 | 42,0 
Walhalla... 55 | — 28.2 | 66 39 | 51.0) 7.86 
White Earth.'............ | 80 16 | 46.8 | 0.87; T 64 18 | 38.6 | 0.78 
Willow City. 72 | —10 | 0.00; || Arapaho | 14 | 47.7) 113); T 50000 68 12 | 38.0) 0.10 1.0 
oor; — 4° S1.6f | T. || 79 | 18/|50.0| 2.77 69) 48.1) 4.35) 
Ohio. | | 12 | 48.7 | 0.55 0.38 
55 | 21 38.2) 0.84) T | 15/466) 1.24) T. || 70| 29 | 48.0] 5.638 
Amesville 63) 14 / 41.8) 1.77) T | 14/| 48.8) 1.28 The 62| 27/444) 2.22 
Bangorville .........----- 63) 21 | 37.8) 265) T Chattanooga............-. 864, 14 | 48.8») 1.23) T. | Toledo... 74| 50.5| 7.10 
Bellefontaine. .........-.- 65 16 | 38.2; 2.05) T Cloud Chief .............. | 14 | 48.5) 114) T. 80 25 | 45.1) 0.89 
Benton Ridge ...........- 53 19 38.4) 1.90) T 7 16 | 46.4 1.30) T. | Vale ..... 66 12 | 0.38) T. 
Bladensburg ..........--- 56 11 36.4) 1.60 82 14 | 48.1 | 0.56 | 0. 41 1.0 
Bowling Green..........-, 55) 19) 382) 1.89) T. | 80] 12/47.6| 0.76| T. Wallowa ... 64; 16| 38.0) 223) T. 
57 16 | 37.4) 1.87  _ | 0.70 63'| 11") 40.5") 1.81 
5B) 21/802) 1.66) 1.0 || 88 8 | 44.0/ 0.60) T. Warm Spring....... ..... 69} 16 | 40.0) 0.74 
Cambridge ..............- 63 16 39.4) 1,65 76 10 | 45.6 | 0.56 1,70 
Camp Dennison .......... 64 17 | 40.2) 209; T | Guthrie 47.3 | 0.87 65 26 | 44.5! 3.56 
Canal Dover............-- 56 16 | 38.0; 1.44| T. | Harrington .............. | 8 | 45.9] 0.17) T. 0. 37 
56 | 20/382) 1.86/ T. || Healdtom................. | 79 47.5 | 3.03) T. 
Circleville. .............-. 60 20 | 40.2) 2.07 | 21>) 47.2%) 0.72) T. | Aleppo 66 13 | 38.9) 2.78 4.0 
Clarington ............... 60; 19) 41.0) 2.78) T. | 17 | 49.9 | 0.72 | Altoona.......... 60 | 15 | 87.6) 3.365 
Clarksville 60 20 40.8) 2.77) T. || Hooker 85 10 | 43.8) 0.28) T. 55 16 | 36.8) 2.44) T, 
Cleveland 56, 23 | 39.2) 1.08) 1.3 || Jefferson 7%6 | 20) 45.7 | 1.29 Bellefonte. 19] 41.4) 2.42 }...... 
64 12 40.1) 2.18 6 | 42.2 | 0.75 4.0 || Browers Lock... 7.28) T. 
59 | 18) 39.2) 1.79 | Kingfisher ............... 77| 18 | 47.8| 0.95 California ............... 68| 21/426/] 1.68) T. 
60 18 | 39.8 | 2.56 0.1 76 13 | 47.2 | 2.10 60 18 | 36.6 | 2.60 8.0 
55 17 | 37.6 | 2.29 75 17 | 49.8 | 9,80 Center Hall .............- 67 17| 41.1) 2.64 2.0 
15 | 88.3) 1.70) T. | 76| 15 | 45.5) 1.65 
61 21 40.2) 1.85 | 80 11 | 46.4) 1.00 Claysville 63 16 | 39.0/ 208 5.0 
55 16 36.8 | 2.05 cnr | 16 | 47.9 | 1.43 63 21 | 42.6 | 7.52 4,2 
63 19 | 41.2) 2.13 73 21 | 47.4) 1.34 8. 22 
15 | 37.4) 2.12 77 17 | 47.1 1,10 70 40.8 | 2.88 |. 
57 17 38.6 1.90| T. 77 16 | 47.3 1.87 Doylestown ..... 5. 89 
58 18 | 38.4) 1.73) T. 78 20 | 48.6) 0.92 fton. 55 19 | 39.0 | 4,25 94 
67 21 | 43.0) 294) T. Sac and Fox Agency.....| 77 17 | 48.9) 1.08 55 12 | 36.4) 2.08 6.0 
57 14 36.1 | 1.85 0.4 || Shawnee ..............0.. 77 18 | 48.6 | 2.49 Mauch Chunk....... 58 18 | 40.3 | 5,99 4.5 
56 21 39.5 | 244/ T. 78 16 | 48.8, 0.75| T Easton 58> 23/422) 5.46 1.8 
56 13 | 37.2| 1,93 1.0 || Stillwater... 7 21 | 46.4) 0.95 Emporium ..............- 57 13 | 38.0| 2.28 1.5 
5 16 38.2 | 2.48 89¢ 19 | 52.2>) 0.66 59 19} 41.1) 4.15 2.0 
58 21 | 37.8; 2.10 76 16 | 47.2 | 0.80) T. Everett, 63 16 | 39.3 3,48 6.0 
56 15 | 36.0) 1.71 || Weatherford .............| 76 12 | 46.8) 0.80) T. Forks of Neshaminy .....) .....| 5. 90 
71 17 | 44.0) 2.58 76 19 | 47.2 | i.08 58 12 | 37.0| 2.65) T. 
63) 21/40.1/ 358) 20 | Oregon. 68 | 17| 38.4) 2.27) 
56 20 | 87.0) 2.01 1.05 George School............ 61 20 | 43.0| 4.69 1.4 
54) 16 88.2) 1.75 72| 47.1 Gettysburg...............| 60| 19/412] 3.72) 25 
63 20 | 40.4 | 2.61 71 28 | 44.4) 1.80 4.41 12.0 
55) 18 | 38.4) 241) T. Astoria 73 | 38 | 52.2 | 10.88 60} 17| 889) 4.59 )...... 
60 16 | 40.0 1,38 Aurora (near) ........... | 69 31 | 46.8 6.82 56 16 | 37.6 | 2,94 8.5 
21/426) 1.67 || Bay 81 | 58.2 | 13,48 58 | 15/366) 1.97) 0.4 
60 16 | 206 68 12 | 39.4) 0.76) T 58 19 | 3.02 1.5 
16/380) 1.82| T. | Black Butte... 60| 31 | 44.5) 6.61 64| 23 44.0| 3.65| T. 
59 14 | 1.67 | 64 29; 46.8/ 0.73; || Herrs Island 2.02 
60 13 | 39.0] 1.27 67 28 | 45.4 3.25 60 17 | 2.87 1.5 
56 14 | 37.0) 1.55 0.2 Bullrun.... coe] 665 81 | 46.2 | 11.92 63 16 | 40.6) 4.16 4.0 
oF 16 | 38.0] 207 64 15 | 37.0 | 0.51 4.0 64 18 | 88.4 2.47) T. 
56 19 | 1.69 0.5 | Cascade Locks............ 60 32 | 46.8 | 12.53 68 15 | 40.5 | 2.12) T. 
70 14 | 40.6 | 0.99 62 22 | 40.0; 0.75) T. 64 19 | 40.2; 3.88) T. 
65 41.2] 1.45 6, 07 59 22 | 42.6) 5.85 4.0 
56 17 | 39.2] 1.88 OS. 67 18 | 41.6 | 0.60 12 | 37.0 | 2.85 
New Richmond .......... 62 20 | 41.4) 2.26| T. || Doraville ................ 66 30 | 46.1 | 8.09 43.0° 4,01 1.5 ] 
New Waterford .......... 56 16 36.8) 1.71 0.5 | n.. 68 34 | 48.4) 5.81 18 | 37.0| 2.79 5.1 
North Lewisburg......... 55 14 | 87.4 | 245 | 0.69 20 | 40.6 | 2,45 1.0 
North Royalton .......... 55| 20/382) 180) O5 | 68| 0.56 18 | 40.6) 287) 1.0 
59 17 | 38.4) 072) T. 70 32 | 48.8 | 8.08 23 40.0) 2.77 2.1 
Orangeville............... 56 14 | 37.2 2.00 | 71 28 | 47.1 | 13.42 20 41.2) 3.89 1,0 
57 17 | 38.8) 2.53) T. Forest Grove............. 77 30 | 46.8] 7.68; Mauch 5.99 
ews 59 17 | 38.4 | 2.06 65 35 | 49.4 Mifflintown ..............| 59 19 | 40.6 | 2.85 1,0 
61 20 | 40.5) 1.51 | 31 | 46.1 | 4.28 58 14 | 38.0) 5.43 1.5 
Plattsburg ............... 58 21 | 38.6) T. 28 | 45.2 | 25.40 Montrose ......... 56 9 | 35.2) 8.82) 16.0 
65 20 | 43.1 | 1.83 Gold Beach.......... .... 66 32 | 50.2| 6.22 New Germantown .......| 69 18 | 41.4] 3.66 2.0 
67 20 | 42.4) 2.59) T. Grants Pass ........ 65 27 | 43.9) 1.94 5. 86 
2.46 T. Grass Valley ....... .... + 8&8 20 | 40.4) 1.46) T Philadelphia ............. 60 31 | 46.2; 5.27) T. 
56 17 | 37.7) 1.70 15 | 40.4 0.07 Pocono 4 4/ 32.6) 5.29 6.0 
Rockyridge .............. 56 20 | 39.0) Lol! T. 70 24/446 0,92 Point 5.15 
Shenandoah .............. 57 18 | 87.2| 1.47 | Hood River.............. 70 24 | 42.9) 455) T. 60 24) 42.6) 5.08 |...... 
58 18 | 39.2 | 2.33 0.3 | Huntington............ 80 25 | 35.2; 0.01) T. 57 12 | 36.8| 3.80 0.5 
Somerset ................- 64) 22) 41.9) 3.01) T. | Jacksonville............... 69) 29| 424) 219 St. 61 12 | 87.6; 2.48) 2.8 
South Lorain.............. 59 14 38.4) 1.42 63 18 | 37.2 | 1.22 4.0 | Seisholtzville............. 5.77 
2.2) T. Klamath Falls ..... 18 | 0.21) T. Selinsgrove 20 | 40.8 | 3.02 1.0 
Summerfield ............. 62 14 | 39.0) 1.76) T. La Grande................ 64 21 | 40.6 | 3.15 Shawmont ............... 5.84 
66 43.9) 1,91 65 16 | 38.8) 1.09 Skidmore....... 57 15 | 87.0; 1.70) T. 
54 |} 39.2] 234) T. 64 18 | 38.1 0.32) T. Smiths coves 5. 24 
Toledo (St. Johns College)| 57 22 | 39.2) 1.59) T. McKenzie Bridge ........ 72 22 | 42.4 | 10.76 Somerset .........-..0+05+ 62 15 | 35.6 | 6.22 7.6 
r Sandusky ......... 19 | 39.0) 1.77 | McMinnville ............. 68 27 | 47.0) 8.41 South Eaton.............. 60 17 | 39.0) 8.65) 10.0 
60 15 | 38.4) 2.06 Marshfield ............. 31 | 50.0) 7.15 6. 27 
57 | 18 | 87.8] 1.68 67 | 28 | 46.4)| 7.34 8 56 | 18|387.9| 800) 4.3 
arren ...... 58 18 | 38.4) 1.41 |) T Mountain Park...... 64 27 | 42.3 | 11.92 1.5 | Towanda................. 59 15 | 38.0 | 2.30 3.1 
55 17 | 36.9) 2.01 1.6 Mount Angel............. 78 33 | 51.6) 6.50 Uniontown .............. 67 19 41.7) 3.83 T. 
67 18 | 41.8 2.48) T 17. 59 11 | 36.1 | 2,98 7.9 
Waynesville .............| 59 20 | 39.8) 269) 71 36 | 52.2 7.64 Wellsboro 57 13 | 37.0) 252) T. 
Wellington............... 59 18 | 38.3) 1.42) 265) T. West Chester............. 68 26 | 43.0| 6.81 2.5 
1.71 1.5 | Olex (near).. 66 26 | 44.0) 0.63) T West Newton ............|...... 1, 87 
65 15 | 40.2 2.21 0.35) T. Wilkes-Barre... 60 20 | 39.8 | 2.95 6.0 
55 38.5! 1.38! T. 7 23'43.7' 1.36 Williamsport............. 57 22 | 40.6 | 2.42 1.2 
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Rhode Island. 
Kingston eee 
Batesborg..... ..... ote 
Biackville............... 
Heath Spring........ ... 
Kingstree ............... 
Little Mountain......... 
St. 
Smiths Mills ............ 
Society Hill.............. 
Spartanburg.............. 
Summerville............. 
Walhalla®................ 
Walterboro. ............. 
Yorkville. ................ j 
Brookings ............... 
Centerville .............. 
Eikpolat 
aid 
Mound City ............. ( 
Sioux Falls .............. 
Vermillion ............... ome 
n ngs...... I 
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-— Climatological record of cooperative observers—Continued. 


November, 1907. 


TABLE II 


“mous 
(30 


. 
gst “ded 


& 


& 


paw 


3: 


BSSERSSARIZ 


pus 


. 
. 
. 
. 


249.4 
eee 


Mount Pleasant . 


(His 


~ 
Temperature. Temperature. Precipita- 
| (Fahrenheit. ) | | (Fahrenheit. ) | tien. 
} | | | 
Utah—Cont’d. 
Marysvale......... 
Meadowville....... 
Milford .......... 
Millville .......... 
Minersville........ 
Morgan ........... 
| Oak Clty 
Park City .............. 
Plateau ...............- 
( 
eee 
40 
| 
1 
ine 1 
0 
1 
0 
1 
2 
| 1 
1 
Rocky Mount............. i 
| 
peers Ferry.............|.. 
Stephens City ........... 
Williamsburg ............ 
Bellingham .............. 30 _ 
39 
Cedar River.............. 09 
Clearbrook ..............4 1 
Clearwater . ............. im}.. 
Glo Mlum................. 0 


Temperature. Precipita- 
(Fahrenheit. ) 


Maximum. 
Minimum, 
Mean. 
Rain 

Total depth of 


North Carolina. o | o | © | me 
82 87 57.4 0,22 
North Dakota 
9 442 0.89 
78° * 40.2° T. T 
Oregon. 
McMinnville ............. 80 35 (55.8 1.96 
Texas, | 
Utah. 
80 24 «(54.0 
ington. 
68 29 50.2 0.59 
CORRECTIONS. 
Tennessee: Elizabethton — - thruout the year 
1907 unreliable, therefure discarded. 
June, 1907. 
Tennessee: Milan, make precipitation 3. 36. 
October, 1907. 


New York: Appleton, make mean temperature 46. 7. 
EXPLANATION OF SIGNS. 
* Extremes of temperature from observed readings of dry 


thermometer. 
A numeral ey the name of a station indicates the 


hours of observation which the mean temperature was 
obtained, thus: 
1 Mean of 7a. m. + 2p. m.+9p. m.+9p. m. + 4. 
*Mean of 8a. m. + 8 p. m. + 2. 
*Mean of 7 a. m. + 7 p. m. + 2. 
4Mean of 6a. m. + 6 p. m. + 2. 
5Mean of 7a m. + 2p. m. + 2. 


* Mean of readings at various hours reduced to true daily 
mean by special tables. 

The absence of a numeral! indicates that the mean tem- 
perature has been obtained from daily readings of the maxi- 
mum and minimum thermometers. 

An italic letter following the name of a station, as “‘ Liv- 
ingston a,” “ Livingston 6,”" indicates that two or more ob- 
servers, as the case may be, are reporting from the same 
station. A small roman letter following the name of « 
station, or in figure columns, indicates the number of days 
a from the record; for instance, ‘‘*’’ denotes 14 days 
missing. 

No note is made of breaks in the continuity of tempera- 
ture records when the same do not exceed two days. All 
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TABLE II.— Climatological record of cooperative observere—Continued. Late reports for October, 1907. 
Temperature. Precipita- Precipita- 
(Fahrenheit. ) tion. tion. 
= 
| 33 i 
HERE. 
| 
Wyoming—Cont'd. Ins. | Ina. Porto Rico—Cont’d. bed Ins. Ins. 
k 68 —2 33.4/| 0.00 76.9 4,74 
020; 20 
—1/ 0.34) 30 20. 04 
T. | T. 8.36 
—4/%.6/ O82) 65 2.89 
0) 34.0) 002) 02 4. 88 
—3/ 35.4) 0.30) 30 4.00 
080 8,0 2.60 
| 2/27.0/] T. | T. 8. 19 
| 607) a8 | 72.45 
0.40) 4.0 
0.50) 40 5.10 
— 4) 82.0 
4 | 37. ‘ 
| @.80| 6.0 Late reports for October, 1907. 
Thermopolis..... ........ | & 029) 3.0 
Wheatland............... | 0.40 56.0 Ins. | Ins. 
| 1/351) O30; 20 0.70) 11.5 
70) 4/3807 O20) 20 5.83 | T. 
Yellowstone Pic. (Soda Bi.) 6 —5/27.2 040) 40 7.79| 1.0 
Yellowstone Pk. (5. Pass 62 9| 32.7; 0.96 )...... 1.12; 13.0 
Yellowstone Pk. (Up. Ba. 28.2) 0.51 6.0 1.22/ 12.0 
Porto Rico. 50 35.6 16.77 | 10.4 
6 30.2 0.90 43 22.2| 0.38 )...... 
8 46/723 2.54 54 40.9 25.62) 1.2 
844) 63 | 72.8> 9.00 55 31.2, 1.66) 27 
9 63/ 78.5) 451 63 45.6 | 20.09 
58/744 9.39 “4 4.5 0.16) 1.7 
428° 35 15.1 0.65) 7.5 
98° 79.4")... 55 34.2) 6.08, 14.2 
59/75.1 814) 57 4.8 848) 47 
65/780 5.85) 56 8.70|...... 
71.8 | 1.26 
89 74.8) 252 100 6.0 0.20 
9 67/787 6.38 62.0 0.64 
6/762 7.69 60.6 1.20 
70 | 78.2) 437) 1,12 
68 | 79.0) 1.96 
5877.0) 4.55 
89 | 76.7) «2.90 
| 372 7 1.34 
88 784) 
92! 66!| 78.6! 3.24 | 0.85 
88 | | «7.67 | 4 001 
67 | 74/.......) si ¢. 
6/743) 
8 58/728 10.48 
| 75.4) «7.29 
8? «660/740 «858 T. 
91 67: | 80.5) 285 T. 
90 «662! 77.2! 483 


known breaks of whatever duration, in the precipitation 
record receive appropriate notice. - 
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TABLE III.— Wind resultants, from observations at 8 a. m. and 8 p. m., daily, during the month of November, 1907. 


Novemser, 1907. 
Component direction from— Resultant. 

Stations, 
England. Hours.| Hours. | Hours. | Hours. e | Hours. 
19 17 7 | 29 on, 85 w. | 22 
16 5 7 | 2.10 w. | ll 
8 15 8 6 sie. 7 

8. 84 w. 
Nantucket, Mass..................-.-. 19 18 18 19 n. 45 w. 1 
21 16 16 n. 50 w. 8 
21 12 ll 31 on. 66 w. 22 
esses 22 | 21 6 23 87 w. 17 
New eon 29 9 21 27 w. 22 
22 | 24 7 160 8, 77 9 
5 5 13 12 e. 1 
17 10 15 27 an. 60 w. 14 
17 10 14 28 63 16 

Atlantic Cit | 10 n. w. 17 
10 1 n, 42 w. 14 
Baltimore, 24 8 15 on, 34 Ww. 19 
31 | 8 10 29 w. 26 
sawed 19 | 16 14 25 on. 75 w. ll 
23 | 20 12 15 45 w. 
22 | 20 12 18 n. 72 w. 6 
Wytheville, 8 | 9 13 38s. 88 w. 25 
South tlantic States. | | 
Asheville, | 29 14 18 a. 15 w. | 16 
24 | 1 18 18 in. 
| 43 17 21 on. 16 w. 15 
Raleigh, N.C | 2 15 
Wilmington, N.C .................... ia 14 18 n. 22 w. | il 
| 13 16 4 on. Be, 15 
27 | 12 12 19 8. 25 w. 17 
Jacksonville, Fla ga | 16 12 13 on. Bw. 16 
Jupiter, | 19 23 Ste | 10 
ey West, Fla.......... 9 35 4/ o.6le. | 35 
Tempe, Fle | $8 | 2) me. | 19 
Eastern States. 
4 n. 5 w. 12 
mencola, Fia.f 5| 6e. 19 
| 29 | 15 16 10| n. We. 15 
op 32 | 11 12 16| n. 11 w. 21 
| 14 18| n. 10 w. 22 
28 10 20 11 | n. 27 20 
New La. 34 | 11 21 n.3le. 27 
estern | 
ce 25 14 20 12| n.36e. 14 
7 | 12 7 8 | s. ll w. 5 
Fort Smith, Ark ... 19 19 20 17 e. 3 
Little Rock, Ark 18 | 16 13 24 n. 80 w. ll 
Corpus Christi, Tex................... 42 9 17 7| o17e. | 34 
Fort Worth, 18 23 13 20 | s. 54 w. | 9 
Galveston, 32 8 20 | n. Be. 26 
25 16 22 6) n.6le. 18 
| 35 8 25 n. 85 e. 33 
14 | 4 8| n. 34 w. 7 
‘alley nessee, 
Chattan 24 | 17 10 26 | n. 66 w. 18 
Tere 24 | 16 16 20| n. 27 w. 9 
22 21 11 18 | n. 32 w. 13 
21 11 11 30 | n. 62 w. 22 
5 10 5 14| 61 w. 10 
17 20 7 33 | s. 83 w. 26 
4 5 4 11 | n. 38 w. 11 
{ndianapolis, Ind ..................... 19 19 12 20 w. . 
15 | 16 16 26 | s. 84 10 
Sate 18 20 13 8. w. 13 

23 13 11 7 | 58 w. 19 

Parkersburg, W. Va.................. 13 19 10 28 s. 72 w. 19 
Lower Lake Region. 

3 | 10 6 17| s. 58 w. 13 

10 22| s. 31 w. 
7 | 31 12 24) s. 27 w. 27 
10 31 16 s. 16 w. 22 
3 12 3 18 s. 59 w. 18 
Detroit, Mich ..... 12 19 10 
Lake 
Alpen gens 15 21 5 34 8. 78 w. | 30 
Escanaba, 24 15 81 | n. 72 w. | 28 
Grand Haven, Mich...................! 20 16 14 2%) n. 70 w. | 12 
Grand Rapids, Mich.................. 15 19 11 25| 8. 74w. | 15 
Houghton, Mich. ....... 12 4 7 12| n. 82 w. | 9 
Marquette, Mich ....... 17 19 a 33 os. 86 w. 29 
10 23 7 82 sos. 63 w. 28 
Sault Marie, Mich ............. = s. 53 e. 
Milwaukee, Wis 18 ‘ 36 | n. 88 w. 82 

uth, 0060 40 18 14 5 38 | n. 83 w. 33 
se * From observations at 8 p. m. only. 


Component direction from— 
Stations. 
N. 8. E, w. 
Hours, Hours. | Hours. | Hours. 
Moo: 20 23 5 25 
Bismarck, N. Dak .......... ......- 26 16 7 30 | 
Devils Lake, N. Dak ...............+ 17 20 6 29 | 
Williston, N. Dak. ............-...... 18 30 6 23 | 
Valley. 
21 20 ll 24 n. 86 w. 13 
Madison, 16 22 9 2% s. 71 w. 18 
Charles City, lowa........-.+-...---- 19 19 11 30 | w. 19 
15 13 10 35 on. 85 w. 25 
Des Moines, Iowa .............+++++: 19 18 9 29 n. 87 w. 20 
22 17 6 29 | 78 w. 24 
17 16 15 28) on. 86 w. 18 
25 19 10 i | 49 w. 9 
6 8 5 16 | 80 w. ll 
20 15 10 26 | n. 73 w. 17 
16 18 12 27 | 82 w. 15 
© 8 4 18 w. 4 
Mi Valley. 
8 5 8 15 | 67 w. 
18 17 12 26 n. 86 w. 14 
Springfield, 20 17 14 19 | n. 59 w. 6 
12 7 7 10 n. 31 w. 6 
23 21 10 160 on. 27 w. 13 
sd 21 17 6 28 n. 80 w. 22 
24 9 5 33 son. 62 w, 82 
Sioux 14 6 7 12 n. 32 w. 9 
24 17 16 24) n. 49 w, 11 
20 21 9 22) s. 86 w. 18 
4 4 20 n. 76 w. 16 
Northern Slope. 
18 14 8 39s, 88 w. 81 
7 25 2 40 8s. 65 w. 42 
Kalispell, Mont. 17 17 6 33 | w. 27 
| Cheyenn Wyo Gaeceseahecehonanene 24 9 7 35 | n. 62 w. 82 
Lander, 14 25 18 12| s. We. 12 
15 25 19 25 | s. 31 w. 12 
Yellowstone Park, Wyo ............. 11 85 2 26 s. 45 w. 34 
North 17 10 9 35 | n. 75 w. 27 
fiddle Slope. 
13 34 13 9| lle, 21 
14 24 18 | n. 46 e, 
18 19 7 25 | s. 87 w. 18 
14 14 21 n, 38 w. 11 
27 17 14 17| no. 17 w. 10 
24 26 7 12) 8. 68 w. 5 
22 27 15 | 50 w. 8 
20 27 6 10 8. 30 w. 8 
Roswell, N. Mex. 29 19 n. 6 w. 10 
TOK... 24 5 21 22; n. 3 w. 19 
Santa Fe, N. Mex 24 35 4| 38 
Flagstaff, Ariz 23 15 19 17| n. ide. 
Phoenix, Ariz ..... 16 26 19 n. e, 11 
ndependence, Cal................... 22 1 1 | n. 72 w. 
Middle Plateau. 
Reno, Nev......... 13 15 13 30 s. 83 w. 17 
Tonopah, Nev...... 7 24 14 28 | s. 39 w. 22 
Nev. 26 13 16 n. 88 e, 16 
Modena, Utah. ..... 5 10 54w. 
Salt Lake City, Utah 15 26 24 13 | 45 16 
Durango, Colo ....... 26 16 27 | n. 67 w. 25 
Grand Junction, Colo. . 12 12 19 29 w. 10 
thern Plateau, 
Baker City, Oreg........ 34 17 24 
Boise, Idaho ......... 12 18 26 18 | 8s, 58 e. 10 
Lewiston, Idaho f. . 2) 20 4; s. De. 17 
Pocatello, Idaho. .. . 6 26 18 25 | s. 19 w. 21 
Spokane, Wash .... 15 26 17, ll | s. Ve, 12 
alla be a Wash .. 2 45 10 16; s. 8 w. 43 
North Pacific Coast Region. 
North Head, Wash 08 13 28 17 16| s. 15 
Port Crescent, Wash.*................ 3 16 9 12| s. 18 w. 13 
6 33 10 | 29 | 35 w. 33 
Tatoosh Island, Wash................ 7 27 6. 17e. 21 
Portland, Oreg...... il 25 15 | 33 w. 12. 
Roseburg, Oreg 17) 20 18 | 8 
Coast Region. 
Eureka, Cal... 21 | 17 17 13) n. - 6 
Mount Tamal 29 14 n. 21 w. 22 
89 4 4d 31) n. 88 w. 44 
Sacramento, 24 | 15 14 21/| n. 38 w. 
San Francisco, Cal................... 20 | 4 88 n. 70 w. 35 
20 | 0 1 n. 45 w. 28 
Farallon, Cel. *............ 19 | 1 2 20| n. 45 w. 26 
South Pacific Coast Region. | 
O, Call .. 13 14 19 27 | 83 w. 8 
| Los Angeles, Cal......... 24 | 8 19 25 | 21 w. 17 
34 3 18 21| 6w. 31 
San Luis Obispo, Cal 8 7 n. 26 w. 30 
| 
| San Juan, Porto Rico................ 8 30 90 | 5| s. 47. 33 
+ From observations at 8 a. m. only. 
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1 hour, during November, 1907, at all stations furnished with th self-registering gages. 


2 
Total duration. a2 Excessive rate. ¢* Depths of precipitation (in inches) during periods of time indicated. 
From— To— 333) Began—  Ended— mi | win. min. min. min. min. min. min. min. min. 
Bismarck, N - 
Cleveland, ‘Ohio....... 
Columbia, Mo 
Columbia, 8, C........... | 
Corpus Christi, Tex..... 1| pm.) 7:10 p.m. 0.50 5:26 pm. S41 p.m. 0.01 0.21 0.43 ... 
Galveston, Tex. . 16-17 | 7:07 p.m. 10:30 am. 2.66 6:02 a.m.) 6:30am. 0.39 | 0.34 0.70 1.12 
Hatteras, N.C.......... 6 12:55 a.m.) 9:25 a.m. 1.93 12:59 a.m 2:19 a.m. 0.01 0.15 | 0.19 | 0.27 | O38 | 0.40 
Jacksonville, Fla........ 23 | 8:50 0.64 | 9:38 p.m,| 10:02 p.m. 0.07 | 0.08 | 0. 16 | 0.26 0.38 
Jupiter, Fia............. 5-6 0.87 eileen 
Keokuk, Iowa .......... 0. 
Knoxville, Tenn 1 
La oc 
La Salle, Ti). ............ 
Lexington, Ky.......... | 
Lincoln, Nebr........... 
Little Rock, Ark |. | 
Louisville, 
Lynchburg, Va. 
acon, Ga......... 
Madison, Wis...... 
Marquette, Mich... 
Memphis, Tenn... ee 
Meridian, Mias.......... 
Milwaukee, Wis......... 
Minneapolis, Minn...... 
ontgomery, Ala....... “22 5: m.| 5: -m, 41 57 a. m. 27 a.m. 2,15 | | 0. 41 | 0. 
New Orleans, La......... 17 | 11:20 a.m.) 4:45 p.m.| 1.84 | 3:07 p.m.| 3:17 p.m. | 0.82 | 0.26 | 
iene ones ccovens | 21-22 | 11:35 a. m. 9:10 a.m.) 1.90) 7:47 a.m.) 8:17 am.) 0,10 | 0.11 | 0,24] 0.39 0.51 | 0.64 | 0.73 
Palestine, Tex. ......... 16-17 | 1:14 p.m.| 10:00 am. 4.33) 340 a.m.) 4:40 a.m, 1.45 | 0.06 0.12 | 0.18 | 0.25 0.42 0,55 
Pensacola, Fla.......... | 4:55 p.m.) 1.13 | 12:29 p.m.) 1:24 002 6.21 0.33 | 0.34 alas | 0.48 0.66 0,82. | 
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Tamir VI.—Heighta of rivera referred to ceron of gages, November, 1907. 
| | > | 
Highest water. Lowest water. | H | Highest water. Lowest water. Pri 
as Height Date. “Height Ds Date. gs Height, Date. Height. | 
Republican River. Miles. ar | Peet. Feet. Feet. Feet. Neosho River.—Cont’d. | Miles. Feet, Feet. | Feet. | Feet, Feet 
Clay Center, Kans......... 42 5.7 29,30 5.2 1-5 5.4 O85 Fort Gibson, Okla......... | 3 2 8.9 20-23 87 § 1 on 8.8 0.2 
Smoky Hill- Kansas River. 1,3, 6-8, Canadian River. | | 
Abilene, Kans............. 254 «22 0.4 10 002 12-17,5 0.1 6.4 Calvin, Okla............. 10 3.6 28 28; a8 
20-23 Black River. 
Manbattan, Kans......... 18 29 30) 25) 18 2.7. 04. Blackrock,Ark............ 67 12 &1 22 1/35 5&9 
Topeka, Kans............. 87 21 5.3 1-18, 21,22 5.1 15-19 562 0.2 White River. | 
Missouri River. Calicorock, Ark ........... 21 — 0.6 12-17 |—0.2 1.2 
Bismarck, N. Dak.........| 1,309 14 25) 8,9 1.2) 16 1.9 1.3. Batesville, Ark............| 217 18 4.3 20 1.4 15-18, 20 29 
Pierre, 8. Dak.............- 1.1 14 24 0.5 20 Clarendon, Ark............ | 17.8 27 7.3 1,3-5,14-17 10.0 10.0 
Sioux tity, Towa .......... 784 17 6.5 17 5.7 28-30 62 O08 Arkansas River. 
cand seces 705 6.0 47) 30 5.5 13 Wichita,Kans............. 882 10 —15 1-10 — 1.7 13-19,29,30-1.6 02 
Omaha, Nebr. ............. 669 8.0 1-8,8-12 7.0 30, 7.8 1.0 Tulsa, Okla.............. 16 3.8 3 27 16-19, 31 
St. 48110 1.5 0.4 19,20 1.1 Webbers Falls, Okla....... | 65 2 6.4 27-30 2.0) (44 
Kansas City, Mo. 38821 7.6 4,6 6.5 30 7.1 01. Fort Smith, Ark........... 03 8622 32 25 2.0 18-20, 23 1.2 
Glasgow, Mo............... 18 5.2 2,4,8,12 4.7 23,27 5.0 0.5 Da rdanelle, Ark 31 2.5 9 14) 3/21) 11 
19,22-24, ttle 1 .6 2| 22 7,19; 33 54 
Boonville, Me. 68) 7.6 Blu@, Ark... | 121 25 10.3 44 6.0 5.9 
Hermann, Mo............ 108 8,9 5.6 5&8 O05 Yazoo b 
River. Greenwood, Miss .......... 175 38 4.7 29,30 1.7 1}; 28 3.0 
Mankato, Minn 127 a0 +6 2.0 1,16 24 1.0. Yazoo City, Miss.......... | @ 09 30 | — 1.9) 68-10 2.8 
St. Croix River. Ouachita River. | 
Stillwater, Minn... 4.5 9,10 3.6 1,2,28-80 3.9 0.9 Camden, Ark.............. 389s 29.7 2% 37) 16,17)107 
Illinois River. Monroe, La .... .......... | @ 1&2 30; 24) 36) 5.2 128 
197 18 146 2%-25,27 123 18-20 14.0 1.3 Red River 
135 1410.6 9.8 10.3 0.8 Denison, Tex.. 768 22 52 3; 1.3] 9 24 39 
Fulton, Ark... 85 15.5 72.3 1,6) 99 82 
Johnstown, Pa. ........... 64 7 5.5 7 1.4 1,2,28-30 25 4.1 Shreveport, La.. wal ae 29 8.2 2,27 — 03 48) 2.3 8.5 
Allegheny River. Alexandria, La... 118 «683 8 23) 48 10.5 
Warren, Pa..............- 14 42 8 0.9 22-2 33 
Parker, 73 5.8 4,5 1.5 19,20,26,27 2.8 4.3 Fort Tipley, 2,082 10 5.4 4.4 (25,26,29.30 4.8 1.0 
Freeport, Pa............. 29) 10.7 5 880 6.5 7.7. St. Paul, 1954 42 28 26) 1.4 
oughiogheny River. Red Wine, Minn.. 1914 2.7 9; 17] 2,90) 22) 
Confluence, Pa............ 59 10 5.0 7 0.8 2 #21 4,2 Reeds —< 4 Minn. 1, 884 12 2.7 9 1,7 : 2.1 1.0 
West Newton, Pa. 16, 7.1 e|- 1.4 18 3.0 5.7 LaCrosse, Wis......... 139 2 3.6 11,12 3.0 29,30/ 233 0.6 
Prairie du Chics, Wis.... | 1,759 18 3.8 9-11,1416 34 28-30 3.6 4 
Fairmont, W. Va. ......... 1190 2H OtsC«iDS'S 25 15.0 18 16.5 45 Dubuque, Iowa........ .| 1,699 15 4.0 11 3.5 28-30 38 0.5 | 
Greensboro, Pa............ 81 «1818.4 7 7.8 18 9.7 5.6 re, Iowa............ 1,609 24 1,6 27-30 20 «08 
Lock No, 4, Pa............. 40 28 17.4 8 8.5 1811.8 8&9 Davenport, Iowa........... 1,598 15 3.8 ae 3.5 0.4 
ay Sa 70 25 11.0 5 8.0 19,20 86 3.0 Muscatine, lowa .......... | 1,562 16 4.4 1-4,23,24 4.0 10,12,20,28 42 0.4 
River. Galland, Iowa............ «| 1,472 8 19 1,230 15 10-17| 1.7 0.4 
Creston, W. Va...........- 3 12.2 25 2.8 19 43 94. Keokuk, Iowa............. 1,463 3.2 27 16°29 05 
New- Kanawha River. Warsaw, Ill... Srebieesteesel 18 6.3 5 5.7 20-22 5.9 0.6 
Hinton, W. Va............ 153 5.5 25 1.7 1 29 3&8 Hannibal, Mo............ (1,402 «18 3.9 1 «8.4 10-14,20-26 35 05 
eston, W. Va......... 8012.3 11 4.0 18 7.6 8.8 || Grafton, Ml ..............., 1,306 6.9 61 | 152125) 63 0.8 
14-20, 28 
Columbus, Ohio....... 10 4.8 4) 28) 290 2.7) 3.0 || St Louis, Mo..............) 1,24 7.2 12) 62 1.4 
River. Chester, Tl . 6.0 1-3 4.9 7 63 
Falmouth, Ky........... so 6.0 26 05 1 28 5&5 NewMadrid, Mo........... (1008 8 15.2 &1 23/116 7.1 
Kentucky River. 33 8.0 22 2.6 6 61 5.4 
Beattyville, Ky ........... 24 80 60 02 1 16 5.8 Memphis, Tenn ........... 430 B 66 47/93 63 
Frankfort, Ky............. 293 47 1 6.7 4.6 Helena, Ark. | 280) 2398) a9 7,8/12.0 7.1 
Wabash River. Arkansas City, Ark........ 42 (19.1 25,26 9.6 79 1284 9.5 
Mount Carmel, Ill......... % 6.0 5 1.8 3.9 42. Greenville, Miss........... 59 26 7.5 7-9'103 7.6 
Oumberiand River. Vicksburg, Miss... 4% @& 4 28 6.6 9.7 «8.8 
Burnside, Ky 518 1 &2 161 Nateches, Miss......... 30 8.6 1,12 11.4 8&5 
Celina, Tenn.............. 33 27 1.2 1 7.8 1&6 Baton Rouge,La........... 3 80 4.6 4,15| 6.7 6.6 
Carth Tean. 1 60 121 La 18860 30 3.5 16| 5.0 45 
Nashvill Ton 19 4 17.0 29 7.2 1,2 11.2 98 New Orleans, La........... 5.7 30 3.3 45 2.4 
| 9 8641.6 1, &7 158 
| 197; 38 18.0 30 3.5 13,14; 6.7 11.5 
Ferry, Va........... | 1 2.3 124 Melville, La............... | 108) 31 188 30 7.6 14 10.9 112 
inton, Tenn .... 25 21.5 12 3.0 1 9<0 18.5 
South Fork Holston River. Troy, N.Y.... 4 8 3.9 24,29 «7.2 «141 
Bluff City, Tenn........... 35 12 3.9 1.0 12 20 29 Albany, 47 8 1.7 5.2 122 
Holston River. 
Rogersville, Tenn.......... 108 4 5.3 11,25 1.7 1,2 31 3&6 Hancock(E. Branch),N.Y. 287 12 8.8 7 3.6 28-30 4.7 5.2 
Prench Broad River. Hancock (W.Branch},N.Y. 287 10 7.8 8 8684 29/46 44 
Asheville, N.C............. 144 4 29 4 1,2 38.6. Port Jervis, N. Y.......... 25 14 9.0 8 1.7 3,29; 31 7.3 
Dandridge, Tenn.......... 12 4.1 06 12 1.5 3&5. Phillipsburg, N.J.......... 8! as 21, 5.5 10.6 
2 8 8.6 8 28) 12,30) 40 5.8 
Knoxville, Tenn. .. 635 «12 7.6 25 0.9 1,2 29 6.7 North Branch 
Loudon, Tenn............. 590 5 7.5 2h 1.0 9 30 6.5 Binghamton, N. Y......... 188 16 101 8 3.0 2426-28 42 7.1 
Kingston, 556 25 9.8 2 1.7 1 47 Wilkes-Barre, Pa.......... 17 14.4 9 5.1 2% 7.5 9.3 
8620 2 63 11.6 West Branch 
«(10.7 0.9 2 4.4 Williamsport, Pa.......... 39 20 5.3 18 7| 30) 3&5 
le, Ala B49 31 16.3 27 2.3 5 7.38 14.0 hanna River. 
Florence, Ala.............. 255 16 9.2 28 0.3 1' 3&7) 8&9 || Harrisburg, Pa............ 69 17 6.8 10 2.7 22, 40 4.1 
Riverton, ae 225 26 14.2 29 1.8 1; 63/124 
95 21 13.0 30 1.4 SF 58 22 3.8 26 | — 1.6 1-3 |—0.6 5.4 
Pittsburg, Pa.............. 8 a4 16 6&8 Cumberland, Md.......... 290 8 44 * 29 25 1,2; 33 19 
Dam No. 2, Pa............. 8 3.9 18 68 80 Harpers Ferry, W. i726 7.0 — 0.4 22 2.4 
Beaver Dam, Pa............ 16.9 8 6.1 18 97 10.8 James 
Wheeling, W. Va 8% 36 16.4 9 5.7 19 94 10.7. Lynchburg, Va..... ...... 20. 18 6.2 25 0.9 1,2; 25) 5&3 
Parkersburg, W.Va........ 7.0 2,21 10.0 8&2 Columbia, Va.............. 167 26 23 1.2 56 9%7 
Point Pleasan W. Va. 12 5.9 20 11.7 Richmond, Va............ 10 6.2 2% —0.2 2/12) 
Huntin 12 94 1 6.7 M1 Roanoke River. 
Catlettsbu arg, Ky... 240 12 8.0 1 15.5 16.0 Clarksville, Va............ 1% 6:12 7.8 03) 2/10; &1 
Portamouth, Ohio......... 612 2.7 1/157 15.3 Weldon, N.C.............. 129 80 32.2 26 1/128 226 
Maysville, Ky............. 559 62 1 15.8 17.0 Tar River. 
Cincinnati, Ohio............ 49 S80 23.9 15 7.1 1 170 16.8 | Greenville, N.C. ......... | 29 3.2 48°) 8&0 
iadison, Ind.............. 413 460.0 68) 1,2) 14.4) 187 Cape Fear River. 
Louisville, Ky............. 9.3 15 3.4 1 | 68 5.9 Fayetteville, N.C......... 112 386.3 25 1.1 | 1/63 25.2 
Evansville, Ind............. 184 85 17.3 17} 5&3 1) 1.7 12.0 River. | 
Mount Vernon, ind.. ...... 148, 35 17.8 19 4.2 1 11.0/ 181 Cheraw,S C.............. 49 1.8) 1,2| 5.4 22.9 
Paducah, Ky.............. @ i147 2 8.6 1, 96) Smiths ‘Mills, & 6 20 1.3 12) 3.5 
« 1} 1&6 20, 21 9.5 1 44 91 Lyne 
River. Effingham, 8. C............ | 5.5 30 2.8 1,2,10,11| 27 
262) 10 1.0, 1 0.0 12 10 Black River. 
Oswego, Kans. 184 2 24 2B 0.3 19 6.8 2.1 | Kingstree, 8. C............) 46 a4 29,30, 0.4 8,9) 1.6 3.0 
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TABLE VI.— Heights of rivers referred to zeros of gages—Continued. 


ig Highest water. Lowest water. Highest water. Lowest water. | 
Bac 38 | jie ac 86 
= Height Date. Height, Date |Height.| Date. Height; Date | 
Cotawha-Wateree River. Miles. Feet. Feet. | | Feet. Feet. | Feet. Fossageuts River. | Miles. | Feet. | Feet. Feet. | Feet. Feet. 
Mount Holly, N.C........ 148 15 7.0 24 1.8 1-12} 2.3] 5.2 Merrill, Mies.............. 78 20 15.7 25 1,3 1; 5&2) 144 
Catawha, 8 C............- 107, 9.6 1.6 30} 8.0 Pearl River. 
Camden, S. C...........--- 1 25.0 | p) 3.4 18 7.9 | 21.6 || Columbia, Miss............ 110 14 10.5 | 30 3.1 14-17. 4,5 7.4 
Congaree River. | Sabine River 
Columbia, 8. C............ 62) 15 11.5 23) 0.0 3,10; 24/ 11.5! Logansport, | 25! 25,26 1,2 1/122) 226 
Savannah ‘eches 
Calhoun Falls, 8. C..... 347 15 7.0 22 2.7 5,9,16,17 4.3) Beaumont, Tex............ 18 3.2 2 | — 0.8 1.7 4.0 
Augusta, Ga.............. 268 2 5.2 10 9.1 | 17.3 Trinity River. 
320 25; 25.6 22 3.6 8.6 22.0 
GO 79 30 10,0 28 — 1.0 1,13 1.8) 11.0 Long Lake, Tex........... 211 35 27, 28 4.6 16/199 3282 
ulgee River. berty, Tex ............. 20; 2) 27.4 6.0 1617.0 21.4 
Macon, 15.0 23; 0.7 4,5 3.4) 14.3 River. 

Flint River. |). aS 285 22 | 9.1 20 4.1) 4) 5.4 5.0 
Montezuma, Ga........... 152 20 11.5 26 | 0.3 1 3.8) 11.2 Hempstead, Tex .......... 140 40 39.0 24 4.0 16 16.7 35.0 
Albany, Ga. .............- 909. 20 8.7 28 | 0.5 1,2 2.7| 82 | Booth, Tex.. ee eee] 61 89 35. 3 24 3.4 1-4 15.7 81.9 
Bainbridge, Ga......... 29 «22 «(10.1 11,12; 44] 7.2 

214 18 | 9.9 19 1.8 56 34 8.1 
West Point, Ga............ 239 20 8.5 24 | 1.8 1,2,9| 3.6] 67 || Columbus, Tex............ 98 24 34.0 21 8.8 6,614.6 25,2 
Eufaula, Ala ............- 9 40 20.0 24 0.4 2 5.6 19.6 i he North. 

30 25 19.4 25 1.9 2 6.3 17.5 Moorhead, Minn...... 284 26 8.2 6,11,21 7.0 13,14, 7.9 1,2 

Coosa River. Snake River. | ¥ 
266 30 13.5 25 0.7 1,2,9 3.2) 12.8 | Lewiston, Idaho .......... 144 24 27 2.0 13-23 | 2.1 0.4 
Gadsden, Ala.............. 162; 22 123 07 4 3.8 12.6 Columbia River. 

Lock No, 4, Ala.......... 113 17 10.3 2; 0.6 4,5 3.2) 9.7 Wenatchee, Wash ......... 473 40° 7.5 1 5.9 6.5 1.6 

Wetumpka, Ala.......... 12 45 22.0 2 1.6 1 7.0) 20.4 Umatilla, Oreg 270 25 1,2 2.4 22-25 | 0.8 
| The Dalles, Oreg........... 166 40 3.8 2-4 2.6 21-23 3.1 1,2 

Montgomery, Ala......... 323 3520.2 3) 6-8 4.9 20.1 Willamette | 

246 26 0.0 1,2) 5.8 24.6 | Albany, Oreg.............. 18; 20 10.5 26 0.7 12,13/ 26) 98 

Black Warrior River. Portland, Oreg... ......... | 13] 16 8.8 26 1.3 | 86) 7.5 

Tuscaloosa, Ala........... 9 «8643 25 5,2 1 7.6 11.8 River. 
Red Bluff, Cal.............. | 26; 1.7 1 0.9 | 13-17 | 1.1 0.8 
bee River. | 156 | 28 4.5 1 8.6 18-20 | 3.8, 0.9 
Columbus, Miss .......... 3160—s 33 0.3 2 | — 3.1 1 —2.1 3.4 Knights Landing, Cal..... 99 18 8.4 2 2.5 | 11,16-19 | 2.7 0.9 
35 10.4 277 — 2.0 1,2,14 1.3 12.4 Sacramento, Cal............ 25 8.4 | 2 7.5 | 18,21,22 7.8 0.9 


Demopolis, Ala............ 168 


| Pressure.* | Air temperature. | Moisture. Wind. he Clouds, 
8 a. m. 8pm | 8a. m. 8 p. m. | | 8a. m. 8p. m. 
1 30.10 30.09 77.0 72.0 69 67.5 61) 70.0; 91 ne. 13 10/0.17/ 0.05! 4! Cu, le. | 10 | N. e 
2 30.138 30.06 76.5 76.0 79 69 67.4 66. 0 9 | ne, 9 0.16 0.00 5) | ne. Few Cu. ne, 
30.06 40.00) 75.5 720 71 67.0 67.0) 77 ne. 9 ne. | 7/8 ne 
_ | 2.97 29.95 75.0) 67.0 66/675) 74) He. 13 | 3/001 0.00) 9 As w, Cu, ne 
29.95 29,93 78.5 71.0) 78| 69 66.5 72 ow, 2 8 | ne. 
| | | | 
6 | 29,98 | 29.95 78.0 / 69.0) 65 60.5 48) 61.5) 65 | me. 4/ 0.00 0.00 § 0 
29.95 29.90 70.4 71.0 65/680 67/660) 77) n. | 120.00 S-cu 10 | 8, n. 
29.98 29.92 75.0725 80) 66 66.5) 64/660) 71 n. 5 | ne. 15/000 000) A-cu. Few! Cu. ne. 
29.96 29.97 75.5/725 82) 69 66.0 60/ 67.0) 75 w. 2) ne. T. 000 Few Cu. | Aw | ow. 
90.02 720/72 79) 70.0 91 se, 2/035 0.06) 10/8 0 | ne. 
30.04 30.03 79.0 75.0 83| 7269.0 78) se. | sie 2/0.0 0.00) | | ow. 
30.06 30.02 76.4 740) 82) 69 70.3 74| 67.0) 69) w. 2) se, $0.00 0.00 Few) Cu. Cu. ne. 
90,08 30,04 | 75.0 76.0] 70/72 79) 67.0) 62 w. ne, 14/ 0.00 / 0.00 Cu. e. Bil 
30.10 30.09 77.0' 740) 79| 78 (680 63/700) 82 9 ne. T le. Cu. | ne. 
30.03 76.0/ 75.5 80) 68/680 66/670) e. | 13) ne. 14/0.02/0.00 | 4/Cu. | ne. 
| | | 
30. 07 | $0.08 | 76.0 64 se. 16 0.00| T. 6/Cu ie. | 3/Cu. | ne. 
30.09 30.02 | 74.4, 740) 80 71 | 68.1 72 | 69.0 78 | 8 | ne. 8; T. 9 Cu, | ne, 
30.06 | 30.05 | 74.7/ 76.0) 79) 72 67.4 68/680) 66\e 14 ne. | 7) Cu. e. Cu. | Be 
30,05 80,06 | 75.0) 79| 72) 68.0 68 | 68.0 16 | e. 20/ 0.00) T. 7/S-cu. |e. 
| 80.07 740/ 75.0) 77! 71 | 67.8) 68.0| 70| ne. 11 | ne. T. 0.05) Cu. le. Cu “ne. 
30.05 742) 74.0) 77 | 69.0 78 | ne 5 e 13 | 0.02 | 0,20 
2 30.06 390.04 76.0 75.0) 79 69 68.5) 68/650 70 e. Ble 19/005} 0.02 8 cum, |e 
30.05 | 30.08 76.6 73.0) 81 685 66690) 74 e, | sie. «8 | 0.00 | 0.00 2/ Cu. e. | Few! Cu. 
30.09 30.09 760/755) 80| 72,685 68 675 66 ne | 4 ne | 11°002/000) Cu. ne. 
30.10 | 30,08 740/725) 78) 67.2 me. =| 10 ne =| 12} 0.01/09 
30.10 30.07 | 74.0 72.5 |  67/66.0) 65/660) 71 ne, 18 ne /0.62/0.02) 4 Cu 2/Cu. | ne 
30.05 | 30.06 720 73.0) 76) 66.0 78 | 67.0 73 | ne | | T. Je 
30.06 | 30.04 74.0/ 70,0) 78| 70/662) 66.0| ne | me. 9/000) T 1| Cu. le. | 9/8. ne, 
30.08 | 30.07 73.5 71.4 | 72 #68 «64.0 60 | 66.0 75 ne. ne. 4 TT. | 0.00) Few) Cu. | ne. 5/8. ne. 
30.04 | 90.08 | 70.0) 78) 66.2) 66/650) 7 ne 3 | ne | 12/0.00/000) 38 Cu 0/0 0 
| | | | | | 
Mean... 30.050 30. 027 74.9 TRA) 79,8 69.5 67.2 67.8 720 me 8.0 me, 10.4 | 1.48 0.68) 5.7 | Cu. le | 4.3/Cu | ne 
| j 


a Observations are made at 8 a.m. and 8 p. m., local standard time, which is that of 157° 30’ west, and ‘is 5> and 30" slower than 75th meridian time. *Pressure values are — 
reduced to sea leve) and standard gravity. 


| 
| 
Honolulu, T. H., latitude 21° 19° north, longitude 157° 30° west; barometer above sea, 38 feet; gravity correction, —0.057 inch, applied. November, 1907. 


Chart I. Hydrographs for Seven Principal Rivers of the United States, November, 1907. 
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